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ABSTRACT
RAW MATERIAL USAGE AND STONE TOOL MANUFACTURE
IN THE ELWHA RIVER VALLEY

by
Zachary Colin Randall Allen
June 2021

Archaeological investigations stemming from the removal of the Elwha and
Glines Canyon Dams of the Elwha River Valley in 2014 resulted in the identification of
nine archaeological sites and collection of 6,870 pre-contact lithic artifacts, primarily
composed of fine-grained volcanic stone. Regional models of this raw material usage and
site location within a glacially-carved riverine environment place these sites within the
Old Cordilleran/Olcott cultural tradition that has been widely observed in the Salish Sea.
This study is focused on the variation in raw materials used in the production of stone
tools in the Elwha River Valley to understand if similar stone tool production strategies
and raw material consumption are observed throughout other previously recorded sites in
the region. Stone tool manufacture was measured with previously used methods and
techniques and tool stone provenance data was collected with a portable X-ray florescent
(pXRF) spectrometry. Fine-grained volcanic stone appears in sparsely in geologic deposit
but exists in over 79 percent of the total artifact assemblage and in all forms of stone tool
reduction sequences. Assemblages exhibit similar characteristics to those of the Old
Cordilleran cultural tradition surrounding dimensions of fragment type, raw materials and
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reduction class but show intersite variability when stratified within and outside the
current glacial maximum of the Cordilleran Ice Sheet.
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CHAPTER I
INTRODUCTION
Archaeologists have used variation in the stone tool manufacture and use as
critical variables when describing and explaining pre-contact human settlement patterns,
oftentimes creating cultural traditions based on stone tool morphology and occurrence.
But we know that pre-contact people’s stone tool industries were influenced by
availability and access to tool stone raw materials on a specific landscape and therefore
pre-contact peoples often times would configure settlement patterns around access to
these raw material locations (Andrefsky 1994; Ingbar 1994; Ferry 2015, Teltser 1991).
Equally important to understanding variation in stone tool manufacture and use is
toolstone geography (Reimer and Hamilton 2015). Identifying whether toolstone sources
are local or non-local is critical to this approach as lithic materials present in
archaeological assemblages are at least in part a reflection of local availability and
characteristics of that toolstone raw material (McCutcheon and Dunnell 1998). What is
currently not understood is if raw material quality and quantity can be correlated to a
cultural phase when other aspects of the archaeological record are not available such as
radiometric dates. This is currently the issue with assemblages on the Olympic Peninsula
of Washington State where many site locations in a variety of environmental zones lack
any remaining features other than stone tools and associated debitage. In these sites
certain aspects of the cultural materials are identified as the Old Cordilleran cultural
tradition based solely types of raw materials present; however, the data gap that remains
is if there is multiple raw materials present within the greater archaeological assemblage
of the study area that are used in all forms of stone tool production. A single raw material

source used in stone tool production is not necessarily indicative of the Old Cordilleran
cultural tradition but has been observed in other sites associated with this period across
the Salish Sea (Blukis Onat et al. 2001; Chatters et al. 2011; Wessen 1990). To
understand these correlations between toolstone geography and stone tool industries I
have incorporated a detailed lithic analysis of both variables surrounding stone tool
manufacture and use as well archaeometric methods to identify toolstone provenance of
cultural materials found in the Elwha River Valley of the Olympic Peninsula.

Research Problem
While past research on the Olympic Peninsula stone tool industries is still poorly
understood prior to 3,500 years BP (Conca 2006; Schalk 1981, 1988, 1996), recent work
shows promise for understanding tool stone raw material source use and addressing the
data gap above (Kwarsick 2010, 2011). Beginning in 2009 extensive archaeological
compliance testing in the Elwha River Valley identified 16 pre-contact site locations prior
to the removal of the Glines Canyon and Elwha dams. These efforts resulted in the
recovery of over 6,800 pre-contact artifacts from nine sites within the river valley. As
only one of the excavated sites yielded datable remains approximate chronology was
assigned to the Old Cordilleran cultural tradition of 10,000-3,000 years before present
(YBP) (Dubeau and Kwarsick 2013). These researchers noted that many of the artifacts at
these locations are consistent with what others have found at dated sites from those time
periods. The principal similarities lies in the kind of tool stone (dacite) used and the
occurrence of large, leaf-shaped projectile points at some of these sites.
While geochemical source identifications for dacite artifacts from the new sites
were absent in the Elwha River Valley proper, stone tool raw materials were identified in
2

adjacent settings (Kwarsick 2010, 2011; Osiensky 2014). Archaeological investigations
of dacite through geochemical and lithic technological analysis were conducted in littoral
zones on the Olympic Peninsula (Bakewell 2005; Morgan 1999; Osiensky 2014), as well
as, in alpine and subalpine zones (Gallison 1994, Kwarsick 2010, Schalk 1988). The
Elwha River Valley is thought to have served as a corridor to these regions of the
Olympic Peninsula and present a unique environmental setting for understanding lithic
technological industries in previously unanalyzed areas of the Olympic National Park
(Conca 2006; Schalk 1988).
Best practices in lithic analysis require knowledge in tool stone provenance as
toolstone availability and physical properties will influence the reduction strategies
employed in the past (Andrefsky 1994; McCutcheon and Dunnell 1998). To be able to
identify whether raw material characteristics are due to constraints within the
environment, it is necessary to first identify the toolstone raw material quality and
quantity and then stone tool attributes present within the known archaeological record
(Kassa and McCutcheon 2016). This is done through careful lithic analysis examining
raw material and morphology variability and geochemical analysis of toolstone source
material. This information can then be compared to other assemblages both above and
below the current study area to place the site lithic characteristics within the broader
context of land use within the Elwha watershed within the Old Cordilleran cultural
tradition.
Purpose
The purpose of this thesis is threefold. First, identify the availability of raw materials
used for stone tool manufacture in the surface alluvial deposits of the Elwha River
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Valley. Second, characterize the geochemical sources of these raw materials in the
archaeological records of the area. Third, evaluate the distribution of stone tool
manufacture and use traits across the sources within the archaeological record of the
study area. What remains unknown is if dacite is found in every phase of stone tool
production at the multiple sites within the Elwha River Valley. It is important to
understand factors such as raw material availability that led to the dominant use of dacite
as a raw material in stone tool reduction sequences to discern if there is a continual Old
Cordilleran stone tool lineage within the Elwha River Valley in comparison to both the
subalpine and littoral zones of the Olympic Peninsula. The following objectives will
facilitate achieving the thesis purpose.
1.) A review of pertinent literature is used to build the analytical model for
comparing stone tool material provenance and lithic technology and function of
Old Cordilleran archaeological assemblages the Pacific Northwest. As a major
component of this thesis is to compare similar sites within the Salish Sea it is
imperative to first explain how previous research has described and interpreted
archaeological sites in this specific cultural tradition to identify critical variables
for this study. As lithic scatters that are composed of dacite as raw material are
often placed within the Old Cordilleran cultural tradition on the Olympic
Peninsula and the greater Puget Sound region, it is important to understand the
contexts that led to this association.
2.) I will adapt a model of stone tool manufacture and use based on cost and
performance variables (McCutcheon 1997) and raw material quality and quantity
(Andrefsky 1994; McCutcheon and Dunnell 1998). Since we know that
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environmental constraints of tool stone availability lend structure to the lithic
industries past people generate from those materials (Ingbar 1994; Telster 1991),
this approach will identify the conditions under which certain raw materials
become incorporated into a population of stone tool makers and users. Cost and
performance variables use a framework that documents variation among
archaeological assemblages (Allen 2020; Dyson 2018; Ferry 2015; Kassa 2014
Lewis 2015: Limberg 2017; Parfitt and McCutcheon 2017; Vaughn 2010) to
examine a variety of research questions regarding stone tool technologies and raw
material frequencies.
3.) A set of 16 dimensions are chosen from the cost and performance model
(McCutcheon 1997) to analyze the physical characteristics of stone tool
technology and function. The total sample size of 6,870 individual stone tool
artifacts from nine archaeological sites within the study area from the Olympic
National Park cultural resource repository were analyzed under these
technological and functional dimensions. These dimensions can then be compared
to previous research done both in other sites within Olympic National Park as
well as in the greater Salish Sea.
4.) To achieve the evaluation of the defined critical variables of toolstone availability
multiple steps were taken. An initial survey for toolstone raw material present in
the Elwha River Valley was conducted within my study area with the goal of
assessing the availability and quality of raw material sources that occur in either
primary or secondary deposits. Once collected, these samples were analyzed in
the laboratory using a series of macroscopic rock physical property
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characteristics. Incorporation of the portable x-ray florescent spectrometer
(pXRF) housed at Central Washington University’s Murdock Instrument
Research Laboratory was used to identify geochemical major and trace element
spectra for the geologic samples collected as well as a 20% random sample of all
igneous artifacts collected from the nine archaeological sites within the study
area. This analysis was used to identify both toolstone source geography as well
as the presence of that raw material within the archaeological assemblage of the
Elwha River Valley.
5.) Collected data from both detailed lithic analysis as well as geochemical analysis
was incorporated to determine variability within the archaeological assemblage to
address the research question regarding the stone tool industries of the Elwha
River Valley and how it compares to the larger Old Cordilleran cultural tradition
of the Olympic Peninsula. Use of a statistical comparison for both lithic attribute
dimensions as well as geochemical trace element compositions were taken to
determine where, if any, variability occurs in both raw material quality and
quantity across the total analyzed sample of artifacts. The null hypothesis is that
there is no relationship between raw material quantity and quality and stone tool
manufacture and use strategies. The alternative hypothesis is similarities within
attributes associated with raw material quantity and quality and stone tool
manufacture and use. The expected outcome if the null hypothesis is found to be
false is attributes indicative of a continual lineage of stone tool industries within
the study area that can be attributed to the Old Cordilleran cultural tradition. This
data is compared to lithic analyses done in alpine and littoral settings adjacent to

6

the project area and will be used to determine the raw material availability that
would have influenced the production of stone tools in the Elwha River Valley.
Significance
The significance of this research is significant as it will assist with documenting
the raw material characteristics within the nine currently known archaeological sites
within the Elwha River Valley. This research is critical when comparing how these lithic
assemblages relate or differ from other similar locations within the Olympic Peninsula,
thus demonstrating a continual or unassociated stone tool lineage during the Old
Cordilleran cultural period. Technological and raw material variability was one of the
primary research questions addressed during initial investigations of archaeological sites
in the Elwha River Valley (Schalk 1988; Conca 2006). In his treatment and monitoring
plan for the Elwha River Valley, Conca (2006) encouraged further study into the
geography of the region’s dacite tool stone material to understand lithic technology and
land use of the watershed. River valley environments of the Olympic Peninsula are
understudied as in many cases the dynamic nature of the river channel does not create a
favorable environment for the preservation of pre-contact cultural materials. However,
environments such as the Elwha River Valley were a viable travel corridor for precontact peoples traveling from the littoral zone to the subalpine portions of the Olympic
Peninsula (Schalk 1988). When compared to many other known cultural traditions in the
greater Salish Sea the Old Cordilleran cultural tradition has seen less focused research as
the only material remains of this tradition is the stone tools and debitage left by precontact tool makers, creating a gap in knowledge prior to the well documented Late
Prehistoric period that began 3,000 years before present and persisted until European
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contact (Schalk 1988; Conca 2006). Any future analysis of stone tools or raw materials
on the Olympic Peninsula would benefit from the results of this thesis and contribute to
the cultural resource management plan for both Olympic National Park.
The following chapters in this thesis discuss various components of this research.
Chapter II (Study Area) describes both the physical and cultural environment of the
Elwha River Valley, including factors that have led to the presence of archaeological sites
in the area. Chapter III (Literature Review) describes the research compiled around the
five objectives stated above in the purpose. Chapter IV (Methods) outlines the theory,
methods and technique used in this study followed by Chapter V which is an article
manuscript that will be submitted for publication in Archaeology in Washington that
includes the results of this research as well as conclusions and recommendations for
current managers and future research in the region.
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CHAPTER II
STUDY AREA
This chapter gives context to the physical and cultural environment of the Elwha
River Valley. The natural and cultural changes that have occurred in this region are
dynamic and have shaped human occupation of this landscape for the past 13,000 years
(Schalk 1988). The details I present below are provided to give context for this research
and help to illuminate those critical components of environmental and cultural history
that inform this work. I first detail the geologic and geomorphological factors that have
shaped the Elwha River Valley followed by the paleo-environmental shifts that have
occurred since the recession of Pleistocene glacial ice. The cultural context of this chapter
is developed chronologically to show changes over time in human occupation on the
Olympic Peninsula and how that has been understood through the lithic assemblages
recovered in the region.
Project Area and Site Locations
The Elwha River Valley sits along the northern slope of Mount Olympus on the
Olympic Peninsula. My project area is on the Elwha River starting from the north at
River Mile 5 extending southward to River Mile 13, a total distance of 6.89 miles (see
Figure 1). This area contains 12 recorded pre-contact archaeological site locations
ranging in size, situation, and artifact contents. As recent archaeological investigations
are ongoing, and assemblages are still under the curation of cultural resource
management firms not all 12 sites were incorporated into this study. All nine sites
included in this study are within a half mile of the current Elwha River channel, with
many sites located on the nearest stable terrace from its floodplain.
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Figure 1. 1:250,000 Map of Study Area showing approximate location of the nine
archaeological sites along the Elwha River used in this research. (Base map provided by
ESRI)
Stratified excavations have been conducted at seven of the nine sites in this study,
with the remainder of the site locations consisting of small-scale lithic scatters where
surface collection occurred (See Table 1). The site boundaries correspond with
archaeological compliance work that was previously executed for the removal of the
Glines Canyon and Elwha Dams in accordance with the Elwha Restoration Project
(Department of Interior 1994). A total of 6,870 lithic artifacts were recovered during the
10

eight years that compliance and immediate monitoring was conducted in the study area.
Future compliance or academic studies may result in a more complete assemblage
composition and future work is planned in certain high-use areas that may result in the
collection of high amounts of cultural material (Stcherbinine 2017). The following
sections outline both the physical and cultural contexts for this region of the Olympic
Peninsula.
Table 1: Archaeological Sites within Study Area
Archaeological Site
Excavation/Survey Year Report Reference
_____________________________________________________________
45CA552-Elwha Overlook Site
2006, 2009
Kwarsick (2006a), Smith
and Kopperl (2009)
45CA556-Altaire Overlook
2006, 2009
Kwarsick (2006b), Smith
and Kopperl (2009)
45CA557-Hot Spring Road Lithic
2006, 2009
Kwarsick (2006c), Smith
Scatter
and Kopperl (2009)
45CA624-East Abutment Camp
2009
Smith (2009a), Smith and
Kopperl (2009)
45CA625-West Abutment Camp
2009, 2012
Smith (2009b), Smith and
Kopperl (2009), Kwarsick
and Dubeau (2013)
45CA629-The Grassy Knoll Site
2009
Smith (2009c), Smith and
Kopperl (2009)
45CA630-Elwha River Rockshelter
2009
Smith (2009d), Smith and
Site
Kopperl (2009)
45CA707-Lake Aldwell Isolate
2012
Dubeau (2012)
45CA727-Southeast Lake Aldwell
2014
Dubeau (2014)
Shore

Physical Context
Knowledge of the physical environment is especially important on the Olympic
Peninsula as it directly relates to land use and subsistence practices of pre-contact peoples
in an environment that is very similar to that of today (Schalk 1988). Environmental
factors may have influenced the consumption of certain raw materials within the region
11

and modified reduction strategies as adaptations from primarily terrestrial subsistence
shifted to the reliance on both terrestrial and riverine resources (Conca 2006). The period
following the Late Holocene resembled current conditions in the region and began
approximately 3,000 years ago continuing to present day. At this point forests had fully
developed into thick stands of coniferous trees with a dense understory, possibly
contributing to changes in land use of pre-contact peoples.
Geology
Taber (1987) notes that the Elwha River Valley consists of a complex system of
folded and faulted sedimentary and metamorphic rock (See Figure 2). The Crescent
Formation is intersected by the Elwha River and the study area between the site of the
former Glines Canyon Dam to the south and the former site of the Elwha Dam to the
north (Taber 1987). The major geologic formation to the south is described as the Blue
Mountain Unit and consists mostly of sandstone and argillite as well as other sedimentary
geologic units that are directly outside the study area such as the Hoko River Formation
and Physt Formation (Taber and Cady 1978; Taber 1987). The Crescent Formation to the
north consists almost entirely of massive basalt flows, pillows and breccias and
represents one of the few igneous geologic formations on the Olympic Peninsula (Tabor
and Cady 1978; Tabor 1987). Much of the surficial geology present in close proximity to
the Elwha River consists of glacial deposits present from the four major glacial periods
that formed the Elwha River watershed (Tabor and Cady 1978). More recent alluvial and
colluvial deposits are also present in the Elwha River Valley and are periodically exposed
due to seasonal fluvial erosion and mass-wasting events (Free 2015). Although abundant
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in variety none of the surrounding bedrock geological formations currently known have
the correct rock physical properties for complex stone tool manufacture.

Figure 2. 1:200,000 Geologic Map of Study Area (USGS 2005. Base Map
provided by ESRI).

Previous research has speculated these glacial deposits contain tool stone raw
material such as dacite that was used widely as a source of tool stone within the Elwha
River Valley, as well as, many other areas of the Salish Sea (Bakewell 1995; Kwarsick
13

2010; Reimer 2000). Schalk (1996) suggests that glacial processes would have scoured
bedrock material such as dacite from its original location in southwestern British
Columbia and carried it southward depositing it during the maximum extent of the Fraser
glaciation approximately 17,500 years ago. The glacial retreat around 10,000 years ago
then left a large amount of foreign material from the north in the form of glacial till and
outwash that is continuously exposed and reworked in dynamic environments such as the
Elwha River Valley (Schalk 1996). The Crescent Formation includes many geologic units
that consist of mixed basalt deposits and many have speculated that it is a strong
possibility that a locally available raw material source may exist, especially in areas
where deposits of andesite, rhyolite and dacite exist according to the observations by
Tabor and Cady (1978). Also, the presence of silica-rich sedimentary raw materials in the
archaeological assemblage of many of the larger sites within the Elwha River Valley
suggest that a secondary raw material source that could be locally available was being
exploited for stone tool manufacture. The percentage of this material within the
archaeological record increases within sites further upriver outside of glacial deposits that
contain dacite. Whether the source of these secondary raw materials is closer to upriver
sites is not currently known implying that the source of this raw material may be in closer
proximity to those site locations and less available south of the maximum extent of
Pleistocene era glacial advancement.
Geomorphology
The geomorphology of the Elwha River Valley itself is equally as complex as the
observed bedrock geology. The river bottom is characterized by multiple fluvial terraces
unless controlled by bedrock and channelized. Above these fluvial terraces sit slump
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benches, alluvial fan debris cones and remnants of ice margin channels present from past
glacial events (Free 2015; Schalk 1996). A large, flat terrace is present near the Highway
101 Bridge where it traverses the Elwha River. This terrace could be attributed to glacial
outwash from the Fraser Glaciation that ended approximately 10,000-years BP
(Stcherbinine and Noll 2018).
The Elwha River Valley is the largest watershed on the Olympic Peninsula
(Magril 2014) and accounts for a large proportion of total drainage from the alpine zone
of the Olympic Mountains (Bauer 1972). Although the Elwha River itself varies in
seasonal discharge it maintains an average of 1750 cubic feet per second (USGS 2018).
The dominant bed material within the Elwha River is made up mostly of cobbles and
gravels, many of which are a product of fluvial erosion of previously deposited glacial
material (Wessen and Welch 1987). It is here that cobbles composed of dacite have been
speculated to exist and may have been present during pre-contact occupation times in the
area (Conca 2006; Kwarsick 2010). A gravel bar with dacite cobbles from glacial
outwash would have provided the people occupying the area an easily procurable raw
material source within close proximity to known archaeological sites that are located on
stable terraces and benches well above the river floodplain. The current environment of
the Elwha River Valley has been shaped by the natural processes beginning with the
recession of glaciers from the region.
Paleo-Environments
The Post-glacial landscape of the Olympic Peninsula and much of the Salish Sea
was significantly colder and dryer than it is at present day. The retreat of the last stade of
the Fraser glaciation leads researchers to believe that lowland forest areas resembled the
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current subalpine regions of the Olympic Peninsula, with smaller conifer trees and shrubs
dominating (Baker 1983). The early Holocene (10,000-8,000 BP) was the beginning of a
warming and drying period in the Pacific Northwest that would last for the following
5,000 years and reached the warmest and driest period between 8,000 to 7,000 BP
(Burtchard 2007; Walsh et al. 2015). The Middle and Late Holocene (8,000-3,000 YBP)
marked significant changes in the environment of the Olympic Peninsula. This is an
important temporal period, especially in the Elwha River Valley because it corresponded
with the thickening and closure of large portions of forests in the Pacific Northwest as a
climatic response that led to the more permanent presence of terrestrial species and thus
possibly impacted human land use and subsistence practices (Schalk 1996). Many of the
landforms present today in the Elwha River Valley are a direct result of the advancement
and subsequent rapid retreat of the Juan de Fuca Lobe of the Cordilleran Ice Sheet,
including large delta deposits as well as extensive sets of fluvial terraces throughout the
lower portions of the river valley (Schalk 1996; Conca 2006). The advancement of this
glacial ice brought with it non-local lithic raw material from coastal British Columbia
that is still being exposed through erosional factors, especially fluvial erosion directly
related to the fluctuating water levels of the Elwha River (Conca 2006)
Flora and Fauna
The Elwha River Valley sits in the western hemlock vegetation zone (Franklin
and Dyrness 1988). This zone consists mainly of Douglas fir (Pseudotsuga menziesii) and
western hemlock (Tsuga heterophylla) with various other coniferous and deciduous tree
species present. Soils within this region tend to be acidic due to the heavy organic detrital
presence and tend to oscillate between wet and dry sedimentary layers (Hullion 1987).
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Today the Elwha River is within the larger “rainshadow” of the Northern and Eastern
portion of the Olympic Peninsula and receives and average of 26 inches of precipitation
annually (NPS 2015). Olympic National Park has designated this zone as the North Slope
Rivers and Lowlands Zone (Zone Iic), which encompasses the river valleys and coastal
lowlands between Crescent Bay and the mouth of the Hood Canal (Conca 2006).
A wide variety of both terrestrial and aquatic game are present in the Elwha River
Valley. Most notably would be the migratory black-tailed deer (Odocoileus hemionus
columbianus) and Roosevelt Elk (Cervus elaphus roosevelti), historically game would
winter in elevations below 2,000 feet in concentrated numbers (Schalk 1996). The
animals would then disperse during the summer periods with many remaining in the
lower elevations as resident populations of the area. Of most importance to the people
living in the Elwha River Valley was the anadromous fish species that were present in the
river, especially during high runs that historically persist longer than they would in
smaller tributaries (Gunther 1927). The high concentration of both terrestrial and aquatic
resources that rotated seasonally led to a human presence in the valley for extended
periods of time than would be possible in other locations on the Olympic Peninsula
(Schalk 1996).
Cultural Context
The Elwha River Valley is the traditional usual and accustomed land of the Lower
Elwha S’Klallam people, a Coast Salish group who have land expanding from Hoko
River in the west to Port Discovery in the east (Suttles 1990). The Lower Elwha
S’Klallam have been utilizing the Elwha River Valley since time immemorial for
subsistence as well as religious practices (Wray 1997). A number of temporary
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encampments as well as permanent village locations have been identified along the
Elwha River to the north of the study area and one primary winter village at the mouth of
Indian Creek where archaeological investigations took place in 2017 (Stcherbinine 2017).
Very few archaeological sites on the Olympic Peninsula have dates of occupation
as organic material does not preserve in the acidic soils of the region (Schalk 1988).
Many dates come from sites with associated shell middens that are located in the
nearshore or littoral zones that are placed within the Late Prehistoric period ranging from
3,000 years before present until contact with European explorers. Numerous
archaeological sites inland rely on chronological phases based on stone tool typology and
site composition, which includes a number of sites in the Elwha River Valley (Conca
2006; Kwarsick; Schalk 1988, 1996; Wessen 1987). Commonalities in stone tool
reduction sequences and raw material use exist among sites set away from the littoral
zone but radiometric dates that have been obtained vary in range from the Late
Prehistoric period to the Early Old Cordilleran period (See Table 2). Cultural
chronologies of the Olympic Peninsula have been proposed by multiple researchers
(Bergland 1983; Croes and Hackenberger 1988; Matson and Coupland 1995; Schalk
1988) but due to a lack of radiometric dates associated with sites that are older than 3,000
years there is a poorly understood chronology of the earlier periods in the region to
provide broader understandings of the greater Salish Sea (Kwarsick 2010; Schalk 1996;
Wessen 1987).
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Table 2: Cultural Chronology on the Olympic Peninsula (adapted from Conca 2006 and
Kwarsick 2010)
Schalk (1988)

Croes and
Hackenberger (1988)

Bergland (1983)

Northwest Coast
(1,000-200 YBP)
Early Maritime
(3,000-1,000 YBP

Late Old Cordilleran
(6,000-3,000 YBP)

Gulf of Georgia
(1,200 YBP- Contact)
Marpole
(2,400-1,200 YBP)
Locarno Beach
(3,500-2,400 YBP)
St. Mungo (4,5003,500 YBP)

Early Old Cordilleran
(10,000-6,000 YBP)

Old Cordilleran/
Olcott
(10,000-4,500 YBP)

Paleo-Indian
(10,000+ YBP)

Pebble Tool Tradition
(10,000+ YBP)

Years BP
1,000
2,000
3,000
4,000
5,000
6,000
7,000
8,000
9,000
10,000
11,000
12,000

Late Prehistoric
(3,000-200 YBP)

Middle Prehistoric
(6,000-3,000 YBP)

Early Prehistoric
(12,000-6,000 YBP)

Regional Chronologies
Schalk (1988) breaks the last 12,000 years of human occupation into four separate
periods based on land use and environmental changes. Schalk (1988) believes that these
changes influenced adaptations in resource procurement. Land use and environmental
changes are two factors that are critically important during the temporal period that sites
within the Elwha River Valley are associated. The lack of clarity regarding regional
chronologies based on a diverse sample of radiocarbon dates is a data gap currently in the
region and for the purpose of this thesis all dates will be presented as years before present
(YBP). Although these cultural sequences are broadly proposed is shows possible
changes in subsistence strategies and land use patterns that can contribute to different
rates of raw material consumption and stone tool production (Andrefsky 2008).
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Paleo-Indian Period
The Paleo-Indian period (10,000+ YBP) is the least represented cultural period
that can be attributed to human land use on the Olympic Peninsula through present
material culture. It is postulated that during this period small groups of highly mobile
hunters and gatherers occupied areas of Western Washington, including the Olympic
Peninsula (Kwarsick 2010; Schalk 1996). The earliest and only known human presence
to exist from this period came from the Manis Mastodon Site (45CA218) near present
day Sequim, Washington. Four radiometric dates from bone materials from this site were
dated to an average of 11,975 +/- 35 years (UCIAMS-11350; bone collagen) thus
establishing a human presence on the Olympic Peninsula by the terminal Pleistocene
(Waters et al. 2011). With a climate that is much cooler and drier than later
environmental periods the landscape of the Olympic Peninsula may have consisted of
open forests with larger prairies dotting the region (Schalk 1996). Within the boundaries
of Olympic National Park a large-scale lithic scatter was discovered within a subalpine
meadow, subsurface components of this site were recorded as well as a diffuse charcoal
layer that returned a radiometric date of 7,950 +/- 50 years BP (Beta-276525; bulk soil)
(Kwarsick 2011).
Stone tools that have been attributed to this period include the well-documented
Clovis points that have been found in numerous locations around Western Washington as
well as larger, rectangular stemmed projectile points resembling those of the Cascade
phases that have been widely recorded east of the Cascade Mountains (Chatters et. al
2011). Although sparse in number on the western side of the Cascade Mountains, many
stone tools from this period are constructed out of locally available raw materials,
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including a Clovis shaped biface discovered on Whidbey Island produced from dacite,
the only Clovis shaped artifact of that raw material type currently known (Kwarsick
2010).
Old Cordilleran Period
The division between what is considered the Early Old Cordilleran Period
(10,000-6,000 YBP) and the Late Old Cordilleran period (6,000-3,000 YBP) corresponds
with the changing environmental conditions that drove pre-contact peoples to cease
relying on terrestrial resources and transition to relying on more intensively on aquatic
resources (Conca 2006; Wessen 1987). One of the most enduring aspects of both the
Early and Late Old Cordilleran phases is the lack of site variability as well as the
presence of highly diagnostic leaf shaped projectile points (Butler 1961) that have since
been termed either “Olcott” or “Cascade” projectile points depending on the geographic
location of the cultural material. Both east and west of the Cascade Mountains these
archaeological assemblages were produced out of locally available raw material sources.
Depending on the location different local raw materials are present like fine-grained
volcanic basalt (as is the case on the Olympic Peninsula) or cryptocrystalline silicates and
cherts that are more present on the Columbia Plateau (Schalk 1988). Other aspects of
stone tool assemblages that have been attributed to this phase include the presence of
flaked cobbles, cores, as well as unifacial and bifacially-reduced scrapers that could serve
a variety of purposes to pre-contact peoples (Schalk 1988).
Late Prehistoric Period
The most widely understood temporal phase from both environmental and cultural
standpoint is the Late Prehistoric phase (3,000-200 YBP), also labeled elsewhere as the
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Northwest Coast phase in other research (Bergland 1983). This phase marks a shift from
reliance on both terrestrial as well as aquatic subsistence resources to an increased
dependence on aquatic resources correlated with the closure of the forest canopy leading
to less productive hunting of terrestrial game (Conca 2006; Schalk 1996). During these
changing conditions a more sedentary settlement pattern emerges. Evidence for social
stratification shows up in archaeological record, as well as, active trade networks both
locally and in the greater Salish Sea region (Conca 2006; Schalk 1988, 1996; Wessen
1987). During this period, chipped stone industries appear to be replaced by ground stone
and bone tool use (Ames 2009; Wessen 1987), although there is some exceptions to this
pattern (C. Ames et al. 2010). This cultural phase continued until contact with European
settlers beginning in the late 1700s (Bergland 1983).
Current Radiometric Dates within the Elwha River Valley
As only one site within the study area (45CA625) has radiometric dates associated
with periods of occupation it is speculated that many of the sites fall within the Late Old
Cordilleran Phase (6,000- 3,000 YBP) but should be looked at with hesitation and
multiple periods of occupation were very likely at a number of sites (Smith and Kopperl
2009). The West Glines site (45CA625) produced two radiocarbon dates resulting from
excavations in 2014 by Olympic National Park staff. Bulk samples of burned bone
fragments collected from arbitrary (10 centimeter) depth levels from one of two test units
resulted in radiocarbon dates of 7420 +/- 40 years BP (Beta-314990; bone carbonate) and
6740 +/- 40 years BP (Beta-327312; bone carbonate) (Kwarsick and Dubeau 2013).
These faunal remains were found associated with decreasing amounts of lithic material
but still within the arbitrary horizon of human occupation. In fact, lithic material was
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recovered from arbitrary levels 50 centimeters below the levels where dated remains were
found, suggesting that older occupation periods of the site may be present.
In sum, it is known that the dynamic environment of the Olympic Peninsula has
seen a number of shifts in the last 13,000 years, pre-contact people in turn have adapted
to these shifts through a series of selective conditions present in the stone tool
assemblages of the area, referred to as environmental determinism. This transition is one
of the primary factors previous researchers have pointed to as the explanation for why
ancient peoples moved to a more permanent occupation in the littoral zone and the
utilization of marine resources (Wessen 1987; Schalk 1988, 1996; Taylor 2012). Stone
tool technologies would have developed during this period as well, with groundstone
becoming more prevalent in archaeological assemblages and mammal bone becoming
more common as a source of raw material for tool use. What is necessary is to review the
previous research that has been conducted in the Pacific Northwest that fall within Old
Cordilleran cultural phase. It is also necessary to highlight previous research that has
examined selective conditions that affected stone tool manufacture to ensure that we have
comparable information.
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CHAPTER III
LITERATURE REVIEW
This chapter details the necessary background information to set the context for
the research objectives defined above. Relevant research highlighting important
archaeological investigations in the Old Cordilleran cultural tradition is first discussed to
draw comparisons between past research regarding lithic technologies and current
methods and techniques that will be implemented later in this thesis. I will also review
applied models of stone tool manufacture that were previously utilized to identify any
conditions surrounding aspects of the stone tool industries. As raw material sourcing is a
fundamental component of this thesis raw material procurement studies that have been
conducted surrounding the distribution of fine-grained volcanic materials within the
greater Salish Sea will also be discussed. This literature review provides a research
context for the first four objectives provided in Chapter I of this thesis and introduces the
methods and techniques used by others that will be adapted and used further in Chapter
IV and in the results provided within Chapter V of this thesis.
Objective 1: Previous Research in Pacific Northwest and Olympic Peninsula
This section gives context to previous archaeological investigations that have
been conducted in the Pacific Northwest and Olympic Peninsula that relate directly to the
widely referenced Old Cordilleran cultural tradition that has been observed in many
locations in western Washington, including the Elwha River Valley. The purpose of this
is to explain the material culture present within Old Cordilleran, or Olcott as it was
originally referred to by Kidd (1964), period occupation sites and to present the
investigations that have helped establish these cultural traditions as a chronological phase
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based off of stone tool technologies present. Although it is difficult to assume that aspects
of a lithic reduction sequence can be constrained to a particular cultural phase, previous
investigations (Butler 1961; Chatters et al. 2011; Blukis Onat et al. 2001) have seen what
common reduction characteristics among archaeological assemblages from the Old
Cordilleran cultural tradition have been, including similarities in raw material frequencies
present within assemblages.
The Old Cordilleran cultural tradition was originally described by Butler (1961)
as a means by which to link morphological similarities that are widely observed in the
Western United States under one cultural tradition. For instance, the presence of large,
bifacially-reduced lanceolate projectile points and a wide array of simple chopping,
cutting and scraping tools that were created from core reduction were the principal
technologies and tools present (Butler 1961). These common features in site assemblage
composition were observed by Butler from the Northern Great Basin to the Puget
Lowlands and possibly further east into Idaho.
Another aspect of the Old Cordilleran culture is the use of one raw material
source, almost always observed as being locally available. In the Puget Lowlands sites
such as The Coronet Bay Site (45IS31), Rosario Beach Site (45SK07) and Olcott Site
(45SN14) this consisted of basalt with minor amount of other raw material such as
cryptocrystalline silica (CCS), a sedimentary rock. Sites found to have been associated
with this particular cultural phase within the Great Basin and southern Oregon have lithic
assemblages dominated by obsidian and locations around the Dalles in northern Oregon
utilized chalcedonies originating from river gravels that were locally available (Butler
1961).
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The term Old Cordilleran has been used interchangeably with Olcott as a typology
of material culture present in archaeological assemblages from within this cultural
tradition, primarily from the early stages of the Old Cordilleran tradition during the early
and middle Holocene. Originally investigated by Kidd (1964), the Olcott site (45SN14)
and adjacent 45SN63 site were originally assessed to be a surface scatters of artifacts
showing morphological similarities to stone tools from the Fraser River Valley. At the
time the Olcott phase was asserted to be the oldest human occupation of the Puget Sound
region based off the surrounding environmental factors (Kidd 1964). Larger amounts of
lithics composed of basalt were found upon the clearing and cultivation of a large terrace
above Jim Creek outside of Granite Falls, Washington. Subsequent investigations
resulted in the collection of “nearly 500 pounds of this material, including finished knife
blades, choppers, heavy spall scrapers and projectile points having been collected from
the site.” (Butler 1961:48)
One of the most significant research undertakings to place the Old Cordilleran
tradition within a specific temporal and stylistic range was conducted by Chatters et al.
(2011) on two sites near Granite Falls, Washington, 45SN28 and 45SN303,
approximately eight miles south of the original Olcott site investigated by Kidd (1964).
These two sites were excavated as part of a data recovery project associated with a
bypass for heavy vehicles around the city center. The two-year project resulted in the
collection of 13,411 stone tool artifacts from multiple loci within the two site boundaries.
Debitage made up 98% of assemblage with small amounts of cores and formed tools
present within the total artifact sample of both sites.
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Subsequent lithic analysis was conducted to answer major questions regarding
aspects of style and function of the assemblages that were primarily focused on the
formed tools and cores present within the collection of artifacts (Chatters et al. 2011).
Artifacts were first divided into categories of debitage, cores and formed tools, then each
of these sub-samples were analyzed across a number of modes based on technological
and functional attributes. As debitage and cores were considered byproducts of the final
technologies of the site, these artifacts were analyzed at a coarser grain than formed tools.
Debitage was classified across three different dimensions: material, technological type
and size. Cores were measured according to seven dimensions: raw material, nodule type,
directionality of flakes, platform preparation, fracture initiation, final shape of the
discarded core, and maximum and minimum dimensions. Bifaces were subjected to both
technological and functional analysis that were measured across many more dimensions
to answer chronological and style hypotheses regarding human occupation and stone tool
production at the two site locations (Chatters et al. 2011).
Raw material composition was varied and unevenly distributed. Over 97 percent
of the total assemblage was composed of locally available hornfels but many of the
projectile point tools were composed of a non-local material, namely dacite (Chatters et
al. 2011). Many Old Cordilleran sites have one single raw material that is observed in all
forms of stone tool production but the presence of a wholly different raw material in
projectile points may show that certain raw materials were used for specific tool
production mirrors initial analysis done in the Elwha River Valley. A survey of raw
materials in the area found that much of the raw material present within the assemblage
was found in the form of river cobbles that were both imported through the advancement

27

of glacial ice as well as present in the local geology of the North Fork Stillaguamish
River. The authors also note that knives, scrapers and projectile points varied in size as
well as amount of cortex present. This could be attributed to tool curation of imported
raw material nodules as opposed to the expedient production of locally available hornfel
cores that were reduced within the site (Chatters et al. 2011).
As was mentioned in Chapter I, a vast majority of archaeological investigations
throughout the Olympic Peninsula have occurred in the littoral zones, presumably at sites
dating to the Late Prehistoric (Schalk 1988) or Northwest Coast (Bergland 1983) periods.
A majority of the archaeological sites found within the mountainous interior and
subalpine zones of the Olympic Peninsula are lithic scatters that were not subjected to
subsurface excavation within the current boundaries of Olympic National Park. Bergland
(1983) was one of the first researchers to begin recording small-scale lithic scatters in the
subalpine portions of the Olympic Mountains at elevations between 3200 and 6100 feet
(Bergland 1983). Investigations by Schalk (1988) in the subalpine reaches of the Olympic
Mountains covered 300 acres between the upper reaches of the Dosewallips River to the
east and Obstruction Peak to the west. These investigations resulted in the recording of
40 pre-contact sites, mostly surface lithic scatters exposed in areas with little vegetation
present (Schalk 1988).
One of the few sites to have been speculated to be associated with the Old
Cordilleran/ Olcott cultural tradition the Big Creek site (45MS100) on the shores of Lake
Cushman. This site is a location with similar artifact composition to many of the
archaeological sites within the Elwha River Valley. Wessen (1997, 1999) conducted
occasional monitoring to measure the erosion variation within the drawdown zone of the
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reservoir over a seven-year period. Artifacts were collected from the zones of study and
examined prior to nomination of the site to the National Register of Historic Places
(NRHP).
Over the seven-year study of the Big Creek site and prior to its NRHP nomination
a total of 9,468 artifacts were collected from the established site boundaries when
drawdown of the reservoir occurred. Over 89% of the artifacts collected and analyzed
consisted of debitage with a total of 1,005 partially of fully intact shaped stone tools
within the total assemblage that was recovered. Wessen (1999) noted that, like many
other sites on the Olympic Peninsula, dacite dominated the assemblage at 95% of the raw
material observed across all reduction sequences based on macroscopic identification.
Also noted was the presence of both modified as well as unmodified cobbles within the
site boundaries, leading to the assumption that pre-contact peoples occupying this area
gathered material locally. The percentage and characteristics of the formed tools from
this site are consistent with many other Old Cordilleran cultural locations; a presence of a
small amount lanceolate points and knives that are bifacially-reduced with the presence
of unifacially and bifacially reduced scraping instruments dominating. Also, the presence
of a single raw material as the dominant tool stone type aligns with assertions made by
Butler (1961).
It is apparent from previous research conducted that common factors in tool
morphology and raw materials are present in Olcott/Old Cordilleran sites. These aspects
of site assemblage composition have led to the definition of numerous sites that lack
radiometric dates as falling within the Olcott or Old Cordilleran cultural phase. It is
problematic to view these sites as uncomplex in composition (Schalk 1988) as Butler
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(1961) originally suggested as it variation within these lithic assemblages is more than
likely to exist, although this has yet to be systematically studied at an intersite scale.
Objective 2: Paradigmatic Classifications in Pacific Northwest Archaeology
The following section reviews studies that used a modified analytical framework
to evaluate how tool stone raw material interacts with stone tool manufacture and use
(Andrefsky 1994; McCutcheon 1997). The two main variables selected for this
framework are cost and performance of stone tool manufacture and use. Their articulation
with a particular research question permits lithic analysts to glean the conditions under
which stone tools were made and used in the past. Critical to this model is knowing the
tool stone raw materials sources and thus that model aligns with the goals of the current
study. Below, the development of this model is chronicled so that what was learned in its
previous applications can provide a context for this study. These studies fundamentally
tie to the theory, method, and technique that will be presented in Chapter IV of this
thesis.
The importance of raw material quality and quantity in stone tool industries is
explained by Andrefsky (1994) in the analysis of three different archaeological locations
across the western United States. Using two main principles for guidance: the amount of
effort needed to produce formal and informal stone tools as well as the abundance and
quality of raw materials available to populations exploiting these resources. His main
argument is that lithic analysts must initially consider the factors of raw material
availability before any conclusions can be drawn regarding settlement patterns of precontact peoples as raw material availability, quality and location set important
environmental constraints, or conditions, to organization of lithic technology (Andrefsky
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1994; Nelson 1991). The model proposed in his study and reproduced here (Figure 3),
delineates this relationship between tool stone raw material quantity and quality and the
presence/absence of formality/informality in stone tool manufacture. The model itself
articulates these variables and predicts morphological characteristics that would
accompany stone tool manufacture under different variable character states (e.g., high or
low tool stone raw material abundance).

Raw Material Quality
High

High

Low

Formal and Informal Tool
Production

Primarily Informal Tool
Production

Primarily Formal Tool
Production

Primarily Informal Tool
Production

Raw Material
Abundance
Low

Figure 3: Contingency table outlining Andrefsky’s model of relationship between raw
material quantity and quality and stone tool manufacture complexity (adopted from
Andrefsky 1994: 30).
Andrefsky (1994) analyzed the formed tools from three distinct pre-contact
groups across the western United States. One in an area where high-quality raw material
sources are present throughout the region, the second in an area of abundant but poorquality raw material and a third where the material was both poor-quality and very
scarce. He found that raw material quality and abundance can predict the technological
characteristics of stone tool assemblages. Raw material that is of a lower quality is often
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manufactured into informal tools while material of a higher quality could either be
manufactured into informal or formal tools, depending on the abundance of the raw
material source. The only scenario where a lower-quality raw material would be more
present in formal stone tool production would be if the higher-quality raw material is
scarce and the cost of procuring this low-quality material outweighs its overall
performance over the high-quality material. This study is important in that it links to the
cost of making and using stone tools, which is recognized in other stone tool studies.
McCutcheon and Dunnell (1998) undertook a study of tool stone raw material in
the Central Mississippi River Valley (CMRV) as part of quantifying costs in stone tool
manufacture when heat treating raw materials. There, rock provenance based on
macroscopic characteristics were used to determine local versus non-local raw materials
and a rock physical property classification was developed out the rock fracture mechanics
field of study. Combined with geological samples they were able to show that not all
rocks failed under dynamic impact load the same. Because they collected geologic
samples from the local area, they also knew what proportions those rock types occurred
at and were able to consider whether past people were selecting random samples or not.
It is apparent from their study that past choices of stone tool makers were not random and
instead discriminated against rocks that were shown to have less predictable failure
behavior under controlled experimental situation (McCutcheon and Dunnell 1998).
In his dissertation, McCutcheon (1997) used evolutionary archaeology theory
based on Dunnell (1989) to create a model of stone tool cost and performance to identify
and explain selective conditions under which stone tool heat treatment becomes fixed in
stone tool manufacture and use. Cost in this model refers to the amount of energy
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required to produce a given outcome and performance refers to the work done by that
object within the environment of use (McCutcheon 1997:197). Each variable has a series
of sub-variables that identify aspects of stone tool production and use that can be
elaborated upon when placed within the historic context of a region. Importantly, these
sub-variables are interrelated and produce theoretically informed hypotheses given
certain variables states that one might find in the archaeological record (e.g., abundantly
available local tool stone materials). In this way, his model is very similar in some
regards to that of Andrefsky’s (1994) detailed above.
McCutcheon (1997) developed three classifications that were necessary to
generate data for interpretation of the selective conditions under which stone tool heat
treatment becomes fixed in stone tool industries in southeast Missouri: stone tool
technology, stone tool function and rock physical properties. These classifications
provide the analytical means by which to analyze stone tool assemblages, whether those
be across time or space (McCutcheon 1997). Further development of this research has led
to a number of studies by graduate students both in the Cascade Mountains as well as the
Columbia Plateau.
Analysis of various sites from the Cascade Mountains on slopes of Mount Rainier
looked at variation through inter-site and intra-site comparisons (Ferry 2015; Limberg
2017; Lewis 2015; Vaughn 2010). The importance of these studies is that they provide an
analytical strategy for analyzing archaeological assemblages from multiple site locations
across varying environmental zones. The focus of many of these investigations were to
identify the variation that existed in the lithic assemblages of inter-site and intra-site
relationships across space and time and how those compared to Burtchard (2008) model
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of human occupation and land use within Mount Rainier National Park. Each of these
studies incorporated McCutcheon (1997) model of stone tool cost and performance in the
assessment of various cultural material present in Mount Rainier National Park. The key
contribution to the following research is that this approach can be applied, and direct
comparisons made. Several of these past studies have worked on sites from mid-to lateHolocene and will be useful considerations for future studies.
Lewis (2015) used the cost and performance model to measure variation in lithic
assemblages from two stratigraphically distinct temporal layers of the Sunrise Ridge
Borrow Pit Site (45PI408). The research used an evolutionary framework to observe the
selective conditions for which stone tool technologies become fixed within microenvironments. The results from this thesis were successful in answering the research
question and utilizing an evolutionary archaeological method such as cost and
performance to identify variation within the assemblage of 45PI408. Results were less
successful in identifying the same variation temporally within the site, issues in sample
size also hindered the author’s ability to answer that portion of the research. The subtle
variation that did present itself through careful, mutually exclusive lithic analysis was
interpreted to be the result of micro-environmental variation. This would mean that
changes in environmental zones dues to geologic events had a much greater influence on
the lithic technologies of 45PI408 than subsistence or settlement strategies of pre-contact
peoples within the area, making these factors the selective conditions in lithic variation
within the intra-site analysis (Lewis 2015).
More recently Limberg (2017) analyzed lithic assemblages from multiple
archaeological sites on the upland slopes of Mount Rainier to see if selective conditions
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present in stone tool assemblages across multiple site types were similar. Statistical tests
were used to accept or reject the stated hypothesis of the unique nature of rockshelter
sites (45PI43 and 45PI303) compared to the record of an open-air site (45PI408) on the
slopes of the Mount Rainier area. Alternatively, the research could show that the
rockshelter sites are simply smaller samples of what is represented in larger, open-air
sites within the upland regions of the park (Limberg 2017). Her results found that
rockshelter sites show differing ranges in lithic quality and variability when directly
compared to each other as well as larger, stratified sites such as 45PI408. Her analysis
supported the standing site typologies for rockshelter sites as short-term occupation sites
with limited stratigraphic deposition as described by Burtchard (1998). Although the two
rockshelter sites did show lithic assemblage variation when compared against 45PI408
the variation between the two rockshelter sites when compared directly to one another
was much less apparent. Statistical similarities between 45PI43 and 45PI303 around
bifacial reduction techniques, platform type and a lack of thermal modification.
On the Columbia Plateau the model of cost and performance has been equally
successful in identifying selective conditions that drove tool stone consumption across
the region. As the Columbia Plateau has highly dynamic tool stone resources many of
these analyses look at the occurrence of certain raw materials across the landscape. Kassa
and McCutcheon (2016) applied the cost and performance model to understand the
occurrence of obsidian across 18 archaeological sites in the Middle Columbia River
Valley. Incorporating the paradigmatic classification schema defined by McCutcheon
(1997) the author measured 656 artifacts across the 11 dimensions of technological and
rock physical property classifications and selected 97 artifacts for XRF analysis of source
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location. Her results demonstrated that pre-contact peoples favored local obsidian raw
material sources that may have been of lower quality over non-local raw materials that
varied in quality, especially around the presence of inclusions in the rock body that would
impact fracture propagation. Locally available raw material was found to be present
across multiple object types including both formal and informal stone tools within the
total population of obsidian artifacts. Statistical testing across paradigmatic dimensions
found non-random associations leading to the assertion that selective conditions in raw
material quality and availability drove tool stone consumption in the region.
This research direction was applied again in Parfitt and McCutcheon (2017)
observing the occurrence of obsidian within the Grissom Site (45KT301) in the Kittitas
Valley. A sample selection of 167 obsidian artifacts from the site excavation were
analyzed using an adapted form of McCutcheon’s (1997) paradigmatic classification
schema and of those 51 artifacts were additionally subjected to XRF analysis. A
relationship between lithic technologies and raw material quality and quantity was
established by examining raw material source frequencies against stone tool object type
as well as reduction stage. Results from this analysis show that many factors including
local raw material quality and social relationships influenced the presence of obsidian
artifacts at the site at all stages of stone tool production. These results were placed in a
broader regional context through inter-site comparisons with archaeological assemblages
containing obsidian in southern Cascades that have also incorporated the cost and
performance model into stone tool analysis. These comparisons found that obsidian
source diversity was highest in the Grissom site and it was also the only site that
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exhibited a negative correlation between raw material source representation and source to
site distance.
Overall, the model of cost and performance has been established in many regions
of the Pacific Northwest as a means to define and explain variation within stone tool
assemblages (Chatters and Prentiss 2005; Kassa and McCutcheon 2016; McClure 2015;
Mierendorf and Baldwin 2015). The ability to statistically answer a hypothesis through
the detailed calculation of stone tool technological and functional variables is central to
this model and the ability to address different research questions.
Objective 3: Lithic Debitage Analysis in Pacific Northwest Old Cordilleran Locations
This section of the chapter outlines pertinent investigations that have been
conducted examining archaeological assemblages associated with the Old Cordilleran
tradition using lithic analysis techniques that will be directly comparable to the methods
that will be described in Chapter IV of this thesis. Numerous sites both on the Olympic
Peninsula and within the Puget Sound Lowlands have extensive, analyzed stone tool
assemblages that are consistent with Old Cordilleran/ Olcott period occupations. This
section provides lithic assemblage information that will be used to compare my analysis
to in the discussion section of Chapter V.
The Tolt River Site (45KI464) is located on a fluvial terrace of the Upper Tolt
River drainage. Data recovery excavations led to the analysis of 22,831 stone tool
artifacts over the course of multiple periods of investigations from 1998 to 1999. Blukis
Onat et al. (2001) utilized numerous techniques to answer five main research questions
regarding paleoenvironmental change, site formation, stone tool technologies, and
placement into the regional cultural chronology.
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The lithic assemblage collected from 45KI464 was subsequently analyzed using
an exhaustive series of classification dimensions that would describe technological
variation within this high-density, multiple component site. Artifacts were measured
across 20 dimensions of technological and functional variables. Identified debitage was
then analyzed across an additional eight modes to document variation of detached pieces
within the total assemblage. Variables of analysis used in this research were artifact type,
raw material, sub-material, raw material source, material structure and color, cortex,
cortex type, cortex percentage, completeness, use wear, retouch, thermal alteration,
weathering as well as size metrics. As debitage dominated the assemblage at nearly 97%
of the total population classifying detached pieces under separate sub-variables was
necessary.
Results from this analysis of the total sample of lithics from the site showed many
similarities with other archaeological sites within the Old Cordilleran cultural tradition
discussed above. Two raw materials made up 97% of the total population of tool stone.
Fine-grained volcanic rock was observed in 64% of the assemblage and local cherts
accounted for 33% of the assemblage (Blukis Onat et al. 2001). Reduction techniques
were primarily focused around core reduction via free-hand percussion with little
preparation to the cobbles prior to reduction. Microblade reduction was observed at this
location, an aspect of lithic assemblages not shared by many other Old Cordilleran site
locations within the Pacific Northwest. Large, lanceolate-shaped bifaces were present
throughout the site at all stages of the reduction sequence as well as smaller, side-notched
and stemmed projectile points. All artifacts considered tools (artifacts with retouch and/or
use) made up slightly more than five percent of the total assemblage, with nearly 80% of
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these tools consisting of either utilized flakes or expediently reduced unifacial tools. The
preponderance of evidence from radiometric and thermoluminescence dating techniques
place the site squarely within the Old Cordilleran period with the oldest 2σ radiometric
date at the site associated with cultural activity at 6107 +/- 178 years BP (Blukis Onat et
al. 2001).
There are few sites prior to the analysis done in the Elwha River Valley within the
interior of the Olympic Mountains that have had a detailed lithic analysis completed for
the total assemblage. One of those sites is the Slab Camp site (45CA580) excavated by
James Gallison in 1988 and analyzed for a doctorate thesis reported in Gallison (1994).
There he utilized technological classifications of flake reduction stage, flake platform
morphology, flake size and the presence or absence of cortex. A total of 42 one-meter
square subsurface units were excavated at the site. The recovery of 2,042 pre-contact
artifacts were all found under a layer of Mount Mazama tephra, aged approximately
7,700 years BP (Zdanowicz et al. 1999), a highly unusual stratigraphic component
present in few Olympic Peninsula archaeological sites. The tool stone raw material
present in this assemblage is consistent with many others on the Olympic Peninsula
consisting principally of dacite based off macroscopic identification from Edward
Bakewell (Gallison 1994).
The lithics were classified and analyzed under four main categories. Non-debitage
made up 2.7% of the total assemblage and were classified as cores, unifacial tools, flake
blanks, utilized flakes, bifacial blanks, bifacial points, hammerstones and abraders.
Debitage consisting of 97.3% of the total assemblage were classified by size class as well
as cortex coverage and reduction class. Size classification consisted of 14 different modes
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beginning at 3 millimeters at the maximum length of the flake and increasing in 5millimeter increments to the maximum length of 90 millimeters. Cortex presence and
reduction class were measured using seven different modes: primary flakes, secondary
flakes, interior flakes, bifacial thinning flakes, pressure flakes, undiagnostic flakes, and
lithic shatter.
Lithic analysis revealed that all modes of the reduction sequence were represented
within the total sample of artifacts (Gallison 1994). Typical of many other Old
Cordilleran tradition site locations, most flakes were reduced through core reduction and
the remaining flakes were utilized for bifacial or unifacial tool production. The presence
of artifacts only below Mount Mazama tephra gives a minimum date to the site of at least
7,700 years BP (Bacon and Lanphere 2006). As the site shows no occupation above the
tephra layer is asserted that closure in the forest canopy during the Mid-Holocene may
have influenced the discontinued use of the site (Gallison 1994).
The Sequim Bypass Project in the nearshore environment of the Sequim Prairie
discovered two large scale, multi-component sites that were excavated resulting in the
collection of 134,833 individual artifacts. Within this overwhelming lithic assemblage
95% was visually identified as being composed of dacite (Morgan 1999). The remaining
raw material classes included metasediment composing 3.5% of the total assemblage and
various other metamorphic and sedimentary rock making up the majority of the
remaining raw material. Although an outlier, obsidian that was geochemically identified
as originating from Obsidian Cliffs was discovered in one component of the assemblage.
77 features were identified and although no reliable radiometric dates were produced
from upper occupations, the lower component of the site returned a radiometric date of
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2,560 +/- 90 years BP (Beta-118597; charred material). Although the radiometric dates
place both 45CA426 and 45CA433 in a later cultural period than what is considered to be
the Old Cordilleran cultural phase the stone tools present in the site assemblage exhibit
similar technological traits as those of earlier occupational periods sites, leading to the
wide assertion that the site may have an undated older associated component.
With legislation passed to remove the Elwha and Glines Canyon Dams in 2013
and 2014 (Public Law 102-495), respectively, extensive compliance-based investigations
were undertaken to assess the impact the construction of new staging areas for structural
removal may have on known or unknown cultural resources. The National Park Service
and Conca (2006) developed a treatment and monitoring plan for the removal of
structures associated with the hydroelectric production of the Elwha and Glines Canyon
dams, including the drawing down of the two reservoirs that had built up behind the dam
structure. Additional survey of areas where ground disturbance were to take place was
initiated by Smith and Kopperl (2009). Significant testing in areas of potential effect
resulted in the subsequent discovery of seven new archaeological sites as well as the
revision of three previously known sites. Subsequent cultural resource surveys by Dubeau
(2012, 2014) recorded small lithic scatters within the project study area (See Table 2) that
will be incorporated into my results.
The most recent development that expands the archaeological record within the
study area are based around excavations at the Highway 101 Bridge that crosses the
Elwha River. Substantial erosion has occurred under the current bridge alignment and led
to a need to build a new span that will be built upriver of the current structure. Initial
investigations conducted by Stcherbinine et al. (2017) and test excavations to evaluate the
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potential of the archaeological sites for the National Register of Historic Places (NRHP)
by Stcherbinine and Noll (2018) resulted in the collection of 2,501 individual artifacts
from four three previously unknown sites and one site where geographic boundaries were
extended significantly.
The lithics recovered from the four locations represent all stages of the lithic
reduction sequence and align with the technological organization of other Old
Cordilleran/Olcott period sites on the Olympic Peninsula, including 45CA625 from four
miles upriver. The assemblage of the four sites collectively consisted of multiple tool
stone raw material types, with FGV material composing 95.8% of all lithics recovered.
Other raw materials present include small amounts of metasediment that appear in other
site locations both upriver and downriver of the four sites as well as crypto-crystalline
silicate (CCS), sandstone and coarse-grained basalt. Also, three obsidian flakes were
discovered during excavation activities. These artifacts were sent to Northwest Research
Obsidian Laboratories and were sourced to Obsidian Cliffs in Oregon, a source that is
present in other archaeological assemblages in the Salish Sea region (Stcherbinine and
Noll 2018)
The archaeological sites of 45CA774, 45CA775 and 45CA776 were all
established and 45CA774, 45CA775 as well as 45CA727 were all recommended for
eligibility for the NRHP based on data potential for further investigating and
understanding of Olcott cultural phase archeological sites (Stcherbinine and Noll 2018).
However, a lack of dateable materials or features discovered during the investigation
cannot give conclusive evidence of occupation period and speculation is that much of the
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remainder of the site lies on private lands on the western bank of the Elwha River at the
mouth of Indian Creek.
Objective 4: Lithic Raw Materials in the Salish Sea
This section of my literature review expands on many of the raw material
provenance studies that have been conducted in the Salish Sea region. Tool stone
procurement sources are both critical for understanding land use systems and indigenous
lifeways in a particular region but are also expressive of the larger cultural landscape in
which people lived (Reimer 2012). A number of scholars have identified lithic raw
material availability as one of the most important precursors to the production and
organization of stone tool technology (Andrefsky 1994, 2005; Ferris 2015; Garvey 2015).
The Salish Sea has a long history in geologic and geomorphologic factors that have led to
the spatial distribution of certain raw materials across the landscape, many of which are
found in site locations associated with the Old Cordilleran cultural tradition.
In the programmatic agreement for cultural resource surveys in the Elwha River
Valley, Conca (2006) observed vitrophyric fine-grained volcanic cobbles that he
suggested were composed of dacite in the upper reaches of the Elwha River. The
existence of dacite debitage and formed tools is well documented in archaeological
reports on the Olympic Peninsula as the primary material used for the lithic technologies
(Conca 2006; Dubeau 2013; Gallison 1994; Kwarsick 2010; Wessen et al. 1990, Wessen
1992) and this is speculated to be true in many sites in the Elwha River Valley. Highly
valuable raw material such as obsidian or cryptocrystalline silicates (CCS) that are
present in other locations in the Pacific Northwest (Kwarsick 2010; Osiensky 2014) do
not exist naturally in the Elwha River Valley or in any other locations known on the
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Olympic Peninsula so vitrophyric cobbles observed by Conca (2006) would be the most
readily available raw material in the region.
Olympic National Park staff were never able to geochemically test the cobble
samples and compare to artifacts present in the immediate area; they concluded that
further study into the geography of dacite lithic material in the Elwha River Valley would
be productive and assist with a broader understanding of lithic technology and land use
within the watershed (Conca 2006). Kwarsick (2010) geochemically analyzed dacite
lithic samples from both littoral and alpine zones but did not include source materials
from the Elwha River Valley or any other riverine environments on the Olympic
Peninsula. Cobbles and artifacts in her sample came back as a positive match with the
geologic sample she obtained from Watts Point in British Columbia (Kwarsick 2010).
During compliance work for construction activities precipitated by the removal of
the Glines Canyon Dam, a previously submerged historic and pre-contact archaeological
site (45CA625) was discovered. Subsequent selective testing at the West Glines
Abutment site resulted in the recovery of 2,794 pre-contact artifacts (Dubeau and
Kwarsick 2013). The raw material composition of these artifacts was 55.54% dacite in
origin and 44.26% consisting of “metasediments” based off macroscopic identification
(Dubeau and Kwarsick 2013:17). While metasediments appear in the lithic assemblages
in other site locations within the Elwha River Valley (Smith and Kopperl 2009) and in
other locations on the Olympic Peninsula (Kwarsick 2010, Wessen et al. 1990) the
amount recovered in 45CA625 was a much higher percentage than any of the other
locations. While it has been speculated that this material resembles many of the bedrock
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outcrops in the surrounding canyon (Dubeau and Kwarsick 2013) the material appears
rich in silica and exhibits rock physical properties similar to a poor-quality chert.
Although not as heavily researched as other igneous materials used for stone tool
production such as obsidian, fine-grained volcanic (FGV) material such as dacite has
similar unique geochemical properties that can identify specific source locations for that
raw material (Reimer 2012). Recent developments in x-ray florescence have led a
number of researchers in both the United States and Canada to pursue sourcing of FGV
material and expanding the known source catalog for this raw material that is
omnipresent in numerous archaeological assemblages in the Salish Sea.
The first to analyze the regional distribution of this tool stone as a raw material
source that was locally available throughout the Salish Sea was conducted by Bakewell
(1991). Previously, many archaeologists and researchers had identified FGV raw material
as basalt and disregarded the tool stone as lacking any further research potential
(Bakewell 2005; Kwarsick 2010; Osiensky 2014). The petrographic analysis that
followed (Bakewell 1996, 2005) set out to identify the source location of vitrophyric tool
stone that was present in archaeological collections throughout the Pacific Northwest. An
analysis of 34 thin sections from within the boundaries of nine different archaeological
sites in both northern Washington State as well as southern British Columbia showed
macroscopic similarities to dacite artifacts present at the British Camp site (45SJ24) on
San Juan Island. Qualitative measures of both mineral and texture as well as counts of
particular solid and void inclusions were used as a method for determining differences
among samples. This work led to the geochemical tracing of many fine-grained volcanic
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stones that would later be identified as dacite (Bakewell 2005) found in the Salish Sea at
one location, Watt’s Point in southern British Columbia.
Building on Bakewell’s (1996, 2005) conclusions, multiple archaeologists have
used petrology and other archaeometric methods such as geochemical assays to identify
secondary sources of dacite from Watt’s Point across the Salish Sea on the southern
Northwest Coast. (Kwarsick 2010; Osiensky 2014; Reimer 2012, 2018; Reimer and
Hamilton 2015). The result of much of this research led to the identification of secondary
sources for this raw material in the form of cobbles dispersed along coastal beaches and
alpine zones (Bakewell 2005; Kwarsick 2010; Osiensky 2014). The transport agent was
likely glaciers from the Pleistocene-era Juan de Fuca Lobe glacier (Kwarsick 2010;
Osiensky 2014). These glacier-deposited sediments that were then eroded resulted in an
ubiquitous distribution of dacite across the region of the Salish Sea. Dacite that has been
traced to Watt’s Point is still the only geochemically identified fine-grained volcanic
material present on the Olympic Peninsula and is widely seen in the artifact assemblages
of the region (Conca 2006; Dubeau and Kwarsick 2013; Smith and Kopperl 2009).
The degree to which Watt’s Point dacite was utilized across the Salish Sea region
has been another point of discussion for multiple researchers (Kwarsick 2010, Osiensky
2015, Reimer 2018). Kwarsick (2010) utilized 2,208 artifacts from 91 site assemblages as
well 234 geologic samples from primary and secondary deposits in her analysis of lithic
raw material procurement strategies for the entire Olympic Peninsula. Many of the sites
the author chose to sample from were small lithic scatters from the subalpine regions of
the park boundaries that were surface recorded and collected in the 1980s. The geologic
sampling locations consisted of secondary sources that were almost exclusively collected
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from the littoral zone, where the author speculated dacite cobbles would be easily found.
A total of 111 archaeological samples (a 20% random sample of the total assemblage of
stone tools identified as dacite) consisting of both debitage and formed tools were sent to
the Northwest Research Obsidian Studies Laboratory for analysis against their catalog of
FGV sources from both the northwestern United States and British Columbia. The results
identified that 90% of archaeological samples from 54 site assemblages’ match the
Watt’s Point dacite source in southern British Columbia (Kwarsick 2010) although the
author acknowledges there is significant overlap between the Watt’s Point source and
other sources within the Garibaldi volcanic belt of British Columbia. Kwarsick (2010)
also found raw material sources of dacite that matched the Watt’s Point source were
prevalent in cobble form primarily available along beaches on the Olympic Peninsula
rather than within the interior river valleys or subalpine regions of Olympic National
Park.
Kwarsick (2010) interpreted her results through a distance decay analysis. She
incorporated two proxy measures as a means to identify the effort necessary to transport
raw material from the source location, be that either the littoral zone or the southern
glacial maximum, to the location of stone tool production. Each artifact was given a
metric based on distance from the site to the coastline (the source) multiplied by the
elevation difference between site and source and divided by 10,000. Similarly, a measure
for the glacial maximum was given as well by multiplying the distance from site location
to the nearest southern glacial maximum and the elevation difference and dividing that
amount by 10,000. Predictions were made that there would be a decrease in metric size
the further from a source location an artifact traveled. Likewise, relying on Andrefsky’s
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(1994) model lithics would show an increase in both reduction classification as well as
formal tool production as distance from source to site increased. These proxies were used
as variables when tested against stone tool manufacture dimensions such as object type,
flake completeness, cortex present, platform type, reduction class and metrics of weight,
thickness and maximum linear dimension (MLD). Result show little correlation between
distance from source to site and overall size dimensions of artifacts leading the author to
believe that the cost to acquire the raw material for stone tool production was lower than
previously asserted. Likewise, there is little correlation between lithic technological
dimensions and the two proxy measures that would be present if raw material was not
readily available to pre-contact peoples (Kwarsick 2010).
Kwarsick’s analysis validated what many previous researchers had already
speculated (Conca 2006; Morgan 1999), that this material was widely available as a
secondary source of tool stone in often-times easily accessible areas across a majority of
the Olympic Peninsula (Kwarsick 2010). An interesting outcome of Kwarsick’s research
is that the author did not find any raw material that could be macroscopically identified as
dacite south of the currently known glacial maximum on the Olympic Peninsula. This
concurs with evidence that raw material such as dacite was transported by glacial action
to the Olympic Peninsula from locations further north such as British Columbia
(Kwarsick 2010; Osiensky 2014; Reimer 2012; Reimer 2018).
As an alternative to pXRF researchers have been attempting to utilize different
archaeometric techniques to understand source locations for fine grained volcanic rock
that is present in archaeological assemblages throughout the Salish Sea. Osiensky (2014)
presented a three-tiered concept of sourcing raw material that could be used as an
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alternative to pXRF analysis. The methods included were whole rock element, trace
element and mineralogy analysis as proposed by Greenough et al. (2004) and sought to
better detect microphenocryst characteristics of FGV rock in samples collected from
volcanic sources in the Salish Sea. All geochemical data was collected through a
Scanning Electron Microscope (SEM) housed at Western Washington University. One of
the primary results of Osiensky (2014) was to show that through a more in-depth
alternative analysis coupled with a knowledge of local geology and mineralogy there is a
much more diverse abundance of raw material sources than once were previously thought
in the Salish Sea. Osiensky (2014) analyzed 18 geologic samples from six primary and
secondary source locations and 124 artifacts from nine sites in Whatcom and Skagit
counties show that multiple types of FGV rock was used for stone tool production, not
simply dacite. For archaeological sites with mixed assemblages consisting of more than
one raw material type these results confirm that pre-contact people were utilizing
multiple types of raw material for stone tool production. Results were consistent and
show raw material sources were easily available both in primary sources usually
consisting of volcanic flows and secondary sources usually consisting of glacial deposits.
In addition to the Watt’s Point source this research identified an additional 16 unknown
FGV sources present in archaeological assemblages in the region, providing insight to the
strong possibility that numerous other sources that are geochemically distinguishable
from currently known FGV sources exist in the Pacific Northwest. As only 36% of the
artifacts analyzed in this study were composed of Watt’s Point dacite the author believes
the distribution of this raw material is contingent on the extent to which the two lobes
(Juan de Fuca and Puget) of the Cordilleran Ice Sheet carried material. With these results
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in mind, Osiensky’s (2014) research supports the conclusion that pre-contact peoples
were utilizing raw materials that were locally available, regardless of if it was Watt’s
Point dacite or another form of FGV material.
Reimer (2000) began researching the presence of FGV materials present in
archaeological assemblages in his traditional territory of Skwxwú7mesh Uxwumixw in
southwestern British Columbia first as a PhD student and later as faculty at Simon Fraser
University. Using assemblages from six different lithic sources and 25 archaeological
sites across Squamish usual and accustomed territory, Reimer (2012) tied the connection
of this raw material to traditional places and place names within his own community’s
traditional lands. Research questions generated during this study were centered on the
traditional knowledge and regional distribution of lithic sources across space and time
and the presence of certain raw material sources within certain assemblages that could
lead to understandings in land use and social interactions within Coastal Salish groups.
Reimer (2012) subjected 47 geologic samples and 206 archaeological artifacts from 25
different archaeological sites to pXRF analysis to look at the variation between lithic
materials present in the region and those that were found in archaeological assemblages
using a statistical principal component analysis (PCA). The results show that lithic
artifact materials from various locations are geochemically identifiable and
distinguishable from one another and that patterning did occur between archaeological
artifacts subject to pXRF analysis and raw material source locations within the Garibaldi
volcanic belt of southwestern British Columbia (Reimer 2012).
The conclusions drawn from initial investigations (Reimer 2012) into the presence
of lithic materials from volcanic sources within southern British Columbia led to further
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research into the presence of lithic raw materials such as dacite in archaeological
assemblages and if geochemical sourcing techniques could prove fruitful in the
identification of raw material sources for these artifacts. Reimer and Hamilton (2015)
analyzed 253 artifacts from two rockshelter sites in the traditional Squamish territory of
southwestern British Columbia as well as 53 geologic samples from five primary lithic
raw material sources originating in the Garibaldi volcanic belt of the same region. For
this study artifacts were selected for geochemical analysis visually from accessioned
level bags and included all formed tools as well as an allotted amount of debitage. The
results from this study reveal that not all artifacts could be matched to a known geologic
source. Of the 253 artifacts analyzed, 11% were not identified to any of the five source
locations that were sampled from, again revealing that possibly unknown dacite sources
exist in the greater Salish Sea region. An interesting insight that occurred from this study
is that the closest known raw material source was not always the most prevalent within
the archaeological assemblages of the two sites analyzed in this study. One rockshelter
site (DlRt9) had a lithic assemblage that was vastly dominated by the local raw material
source (High Falls) while another rockshelter (EaRu5) was also primarily composed of
the same raw material even though it was spatially much further away from that source.
These results show that pre-contact peoples of the area were again not simply utilizing
the closest raw material source, supposing it was known at the time, but may have
incorporated multiple FGV sources into their stone tool technologies.
Most recently Reimer (2018) analyzed the dispersal of the Watt’s Point dacite
source throughout the Howe Sound and Burrard Inlet of southwestern British Columbia.
In previous research the Watt’s Point source was one of the primary sources present in
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archaeological sites in the region, and its proximity to the Salish Sea made procuring this
raw material much easier than exploratory resource procurement expeditions to the
Garibaldi volcanic range or scouring known river channels where a raw material may be
found as a secondary source. A wide sample of 885 artifacts from 22 archaeological sites
in the region was used in Reimer (2018) to measure the extent of this raw material in sites
throughout the region. A primary goal of this study was to examine the variation of the
Watt’s Point dacite source when compared against standards of sources from two other
primary raw material deposits and seven deposits where raw material appears as beach
cobbles, presumably from glacial action carrying this material from the primary source,
being that Watt’s Point or another location (Reimer 2018). The results show that Watt’s
Point raw material was omnipresent as a secondary source in beach deposits within the
study area. Artifacts subjected to pXRF analysis resulted in the identification of 64.7% of
all artifacts were composed of Watt’s Point dacite, with the remaining 35.3%
geochemically traced to either an unknown source location or one that was
geographically much further from the site location. As the author assumed archaeological
sites that were closer to the Watt’s Point source or that were within the nearshore
environment of the Howe Sound had higher percentages of Watt’s Point dacite within the
archaeological assemblage. This illustrates the spatial distribution of Watt’s Point dacite
was much more ubiquitous than other FGV sources within British Columbia and that the
material appeared frequently as secondary deposits within the nearshore environment.
The use of both lithic analysis techniques as well as archaeometric analysis such
as pXRF have a history of application in the greater Pacific Northwest both in raw
material studies as well as within sites associated with the Old Cordilleran cultural
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tradition. The utilization of a model of stone tool cost and performance couches raw
material procurement strategies within an evolutionary archaeological framework that
can identify the conditions present within the total population of stone tools from the
Elwha River Valley through subtle variation within technological dimensions. These
techniques, along with the methods and theory that support them are critical in creating a
replicable and comparable analysis of lithic assemblages within the Elwha River Valley.
With comparable techniques elaborated upon in the following section it will be
achievable to directly compare the results of lithic analysis done in the Elwha River
Valley to previous research conducted at numerous sites across the Pacific Northwest that
have been associated with the Old Cordilleran cultural period.
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CHAPTER IV
THEORY, METHODS, TECHNIQUES
This chapter the theoretical frameworks, methods and techniques that are part of
assessing the raw material availability and stone tool technologies of pre-contact peoples
in the Elwha River Valley. The choices made below are tied to both research questions
and the need to document subtle variation in lithic traditions as discussed in literature
review above.
Evolutionary Archaeology Theory Framework
The purpose of this theory section is to create the framework that will document
the constraints in the local environment and how those might be reflected in the choices
of stone tool makers and users made during tool stone raw material procurement and
subsequent stone tool manufacture and use. Under evolutionary archaeological theory
variation present within archaeological assemblage traits is the result of two mechanisms;
cultural transmission and natural selection (Dunnell 1978a, 1978b). Natural selection is
defined as the means by which a different selective process interacts with cultural
systems within an environmental setting. Thus, how an environment is structured in terms
of resource availability will, in part, constrain choices made by pre-contact stone tool
makers and users. Cultural transmission is the means by which traits or phenomenon are
passed from one individual to another or from one unrelated group to another. Human
choices are tied to both what is available and the experiences and traditions of any
individual’s community. As the theoretical framework is built by using these main
tenants of evolutionary archaeology theory (O’Brien and Lyman 2000), the focus of this
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investigation will be on the natural selection that can enforce the selective conditions of
an environment (e.g., variability in and availability of local tool stone).
Relative frequencies of stone tool technology and use is then tied to both the
environment and choices made by stone tool makers. The archaeological record then is a
reflection of these constraints and choices. If the archaeological sample is representative,
then we can use the stone tool frequencies to test hypotheses about sorting in the
archaeological record that is non-random and provide interpretative narratives or what
others have called historical narratives (O’Brien and Lyman 2000). While artifact fitness,
as parts of the observed extended human phenotype (Leonard and Jones 1987), is
manifested as non-random, repetitive patterns in attribute frequency distributions. It is the
intervariable relationship within the method that permits identification of non-random
choices of past stone tool makers and users in terms of cost and performance of these
industries. In this way the artifact attributes can be selected against or passed on for
generations depending on their relative fitness within all possible choices in a particular
environment (Dunnell 1971; 1989).
Method
Developing a method is a process to link a theoretical framework to the physical
archaeological record (Dunnell 1971). Here a method previously established for
documenting subtle changes in lithic technology and function uses the concepts of stone
tool cost and performance. This model, originally developed by McCutcheon (1997), is
utilized to document how selective conditions or natural selection mechanism influenced
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the choices of in raw material procurement and reduction techniques of stone tool
industries within the Elwha River Valley (See Figure 4).

Figure 4: The Cost and Performance Model adapted from McCutcheon (1997)

As originally stated in Chapter III of this thesis, the model of cost and
performance has a number of variables and sub-variables that can be inter-related for the
context of the current research. These variables and sub-variables are designed to identify
patterns in which stone tool manufacture and use can be evaluated through the random or
non-random sorting of dimensions. When more than one tool stone raw material is
available to a people these two variables can justify the use of one raw material source
over another (McCutcheon 1997). Cost primarily focuses on the pre-requisites of the
stone tool technology and manufacturing process while performance refers to the process
once a tool has been formed. The variable of cost has sub-variables of material
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acquisition, material preparation, manufacture and tool durability that play a role in the
development of stone tool technologies within a culture. These sub-variables focus
primarily in how accessible a raw material is and the fracture mechanics associated with
developing stone tools from this source. In situations such as the Elwha River Valley
where tool stone such as dacite is presumably gathered from river cobbles either exposed
along gravel bars or shorelines the size and scarcity of useable unmodified cobbles are
two primary factors in developing hypotheses around the cost of manufacturing a stone
tool industry around this raw material. In the study area where two raw material sources
have been identified as the primary tool stone within the total assemblage the raw
material with the lower cost to gather holds a selective advantage over the other tool
stone source, as long as these materials perform equally within the stone tool manufacture
process (McCutcheon 1997).
The other initial variable of performance has three primary sub-variables that
impact the use of a stone tool technology by pre-contact peoples. The sub-variables of
rock physical properties, tool requirements and technology are likewise inter-related just
as the sub-variables of cost can be. A rock’s physical composition can heavily influence
what type of stone tool can be produced from a raw material cobble, as tools with higher
levels of manufacture oftentimes being more susceptible to wear and breakage due to the
amount of material removed from the initial form (McCutcheon 1997). In areas where
two raw materials dominate the total archaeological assemblage the raw material that can
be manufactured into a finished form more predictably and seen as more durable when
produced into its final form would be seen in all stages of reduction, including projectile
points and dart tips.
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Technique
Techniques are designed from the method to direct how to measure, collect, and
manipulate data for a quantifiable outcome (Dunnell 1971). This study utilizes a number
of techniques in different approaches to fulfill the research objectives of this study and
determine the role past selective conditions for stone tool manufacture and use in the
Elwha River Valley.
Stone Tool Analysis Under Paradigmatic Classification Schemas
Objective 2 of Chapter I sought to answer questions regarding this phenomenon
through the application of a mutually exclusive and categorically exhaustive paradigmatic
classification schema. This classification schema was used to answer the null hypothesis
that would be tested: that there is no relationship between raw material quantity and
quality and stone tool manufacture and use strategies. If it were observed that attributes
within this classification schema were not randomly distributed than factors surrounding
the quantity and quality of raw material within the Elwha River Valley were influential in
stone tool production during pre-contact periods. According to this model, technologies
that are expedient would exist in a location that would be near the raw material source
and therefore easier to exploit for stone tool manufacture (Andrefsky 1994; McCutcheon
1997). For example, if all other factors were held constant, raw materials with lower
acquisition costs such as material that occurs in locally available sources but have less
predictable raw material fracture qualities would exhibit different technological traits
than material that has higher acquisition costs but exhibits predictable fracture qualities
(Andrefsky 1994). Schalk (1988) suggested that environmental changes were the driving
factor that influenced land use on the Olympic Peninsula, and this is predicted to also
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influence the procurement strategies for tool stone within the Elwha River Valley during
the Old Cordilleran cultural period of the Middle and Late Holocene.
McCutcheon’s (1997) model of cost and performance uses three paradigmatic
classification schemas to measure the inter-variable relationships of lithic stone tools;
these are rock physical properties, technology and function. Each classification schema
consists of a set of dimensions, whose intersections create classes defined by a list
attributes that must be present for inclusion; where attributes are the physical properties
of an object (Dunnell 1978a). The dimensions chosen for this thesis are adapted from
these original three paradigmatic classification schemas (See Table 3 and 4). These
modes align closely with previous lithic analysis studies that have taken place on Old
Cordilleran/Olcott archaeological assemblages outlined in Chapter III of this thesis for
the purpose of being directly comparable to these previous studies. Previous large-scale
research projects in the Salish Sea (Blukis Onat et al. 2001, Chatters et al. 2015; Wessen
1990) used lithic analysis with similar dimensions measured as a primary component of
their research to illustrate the complexity of toolkits that were produced at site locations
as well as the materials presently available to pre-contact stone tool users.
The total assemblage of 6,870 individual artifacts that are currently held at
Olympic National Park will be subject to an analysis of the 16 dimensions of
technological and rock physical properties analysis for this thesis. As archaeological
testing was done by both the National Park Service (Kwarsick and Dubeau 2013) as well
as Northwest Archaeological Associates (Smith and Kopperl 2009) multiple collection
management procedures were utilized. Field methodologies were relatively similar, with
investigators utilizing primarily ¼-inch mesh screens to sieve all soil tested for artifacts
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as well as both archaeological test units as well as shovel test pits dug at each site (other
than 45CA707 and 45CA727 as explained in Chapter III).
Below are descriptions of the two classification schemas that will be incorporated
into this aspect of the research. Definitions of each classificatory dimension and
individual modes can be found below in Tables 4 and 5. Each of these dimensions has
been found to be useful in both the measurement of lithic assemblage diversity from Old
Cordilleran cultural period sites (Blukis Onat et al. 2001; Chatters et al. 2011; Gallison
1994) as well in assemblages where the model of Cost and Performance is utilized (Allen
2020; Dyson 2018; Ferry 2015; Garrison 2015; Kassa 2014; Lewis 2015; Limberg 2017;
Vaughn 2010).
Table 3: Technological Classification: Dimensions and Modes
_
_____
Dimension
Modes
________________________________________________________________________
Artifact Size

1). 1” or Larger
2). ½” to 1”
3.). ¼” to ½”
4). ¼” or Smaller.

Object Type
0). Biface: Two-sided rock exhibiting negative flake scars only that are
(McCutcheon 1997) initiated from the edge of the object.
1). Flake/Flake Fragment: Rock exhibiting attributes of conchoidal
fracture.
2). Chunk: Rock exhibits non-cortical surfaces but does not exhibit
attributes of conchoidal fracture.
3). Cobble: Rock that exhibits unbroken, cortical surfaces
4). Core: rock exhibiting non-cortical surfaces with attributes of
conchoidal fracture with only negative flakes scars.
5). Spall: “Flake” shaped chunk that exhibits evidence of thermal shock.
Amount of Cortex
1). Primary: Covers the external surface or dorsal side of the rock.
(McCutcheon 1997) 2). Secondary: External surface has both cortical and non-cortical
surfaces.
3). Tertiary: Cortex only present on point or area of impact.
4). None: Cortex is not present on any surface.
Presence of Wear
1). Absent: No evidence of wear present on any surface of rock
(McCutcheon 1997) 2). Present: Evidence of wear is present on at least one surface.
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Table 3 (Continued): Technological Classification: Dimensions and Modes _____
Dimension
Modes
_______________________________________________________________________
Other Modification 1). None: No attrition other than that explained by wear.
(McCutcheon 1997) 2). Flaking: Fragment removed by conchoidal fracture.
3). Grinding: Surfaces smoothed by abrasion.
4). Pecking: Irregular or regular patterns of attrition due to dynamic nonconchoidal fracture
5). Incising: Linear grinding.
6). Other: Other types of modification not described above.
Material Type

0). Other
1). FGV (Dacite)
2). Metasediment
3). CCS
4). Sandstone/Mudstone

5). Obsidian
6). Quartz/Quartzite
7). Basalt
8). Chert

Completeness
(Sullivan and
Rosen 1985)

1). Whole Flake: All margins
2). Broken Flake: Exhibits point of applied force but not all margins
intact.
3). Flake Fragment: Exhibits interior surface but point of applied force
not present.
4). Debris: Does not exhibit a single interior surface.
5). Other: Does not fall under debitage (Bifaces, cores, etc.)

Reduction Class
(Parfitt and
McCutcheon 2017)

1). Initial Reduction: Cortex present on dorsal surface.
2). Intermediate Reduction: Simple dorsal surface: Exhibits less than
two arrises from prior flaking.
3). Terminal Reduction: Complex dorsal surface: exhibits two or more
arrises and displays two or more scales of prior flaking.
4). Bifacial Reduction/Thinning: Complex surface, lipped striking
platform; striking platform is sub-parallel with long axis of flake.
5). Bifacial Re-sharpening: Worn platform: bifacial edge is palpably
smooth from wear.
6). Not Applicable: Debris, flake fragments, cobbles, cores, bifaces,
spalls.

Artifact Size
A dimension such as size appears at first to be non-technical in the modes
presented in this model, but when coupled with other technological attributes can provide
important information regarding raw material reduction sequences within archaeological
assemblages (Andrefsky 2005). Size was measured by using a series of VMR stainlesssteel nested screens with progressively smaller square openings. Each individual artifact
61

or larger bag of multiple artifacts were poured into this series of nested screens and
gently shaken. All debitage smaller than 1/8-inch was measured as Size Class 4 and
analyzed as one specific size class across all technological, functional and rock physical
properties classifications. Size is an important dimension of measurement as it can
directly relate to the sizes of cobbles that pre-contact peoples were manufacturing in the
Elwha River Valley, directly limiting the stone tools that could be manufactured for use.
One would assume that smaller flakes are a product of later stage of manufacture as
reduction produces smaller debris over time.
Object Type
This initial technological variable to be measured will separate detached pieces
(debitage) from objective pieces (bifaces, cores, etc.) (Andrefsky 2005). Other
technologically significant aspects of the material culture assemblage that do not fit
within these specifically designed modes such as chunks, cobbles and spalls will also be
measured. Chatters et al. (2011) incorporated a similar dimension in the analysis of
45SN28 and 45SN303 to first separate the formed tools from the debitage prior to
subsequent analysis of tool morphometrics. Likewise this was a primary factor for the
determination of Old Cordilleran site compositions that were found within the Elwha
River Valley during initial cultural resource surveys as many of the sites are composed of
these detached pieces with very few formed tools present (Smith and Kopperl 2009).
Amount of Cortex
The presence of cortex is the outermost surface of a raw material source that is
exposed to physical and chemical weathering and thus exhibits differing physical
properties than interior surfaces. As raw material from the Elwha River Valley is

62

speculated to exist as either a primary raw material source as well as a secondary raw
materials source the presence of cortex on a scale of primary, secondary and tertiary
amounts as well as the presence of no cortical surfaces is a critical dimension for
observing variability across all reduction categories as outlined in the reduction class
mode (McCutcheon 1997). Cortex is an integral dimension to observe as it can directly
relate to the proximity to a raw material source, with debitage flakes exhibiting an entire
surface on the outward side showing the initial stages of reduction and those with little or
no cortex present showing later stages of reduction (Teltser 1991).
Presence of Wear
This identification of the presence and absence of wear is used to organize
artifacts (either detached pieces or objective pieces) that have undergone some form of
further reduction through the use of the artifact after its initial creation (Campbell 1981).
All artifacts will be analyzed under 20x magnification for the presence of use wear. As
understanding tool functionality is not a specific research question of this thesis the use
wear dimension will remain nominal in nature simply for the presence or absence of wear
on an artifact. Previous research into fine-grained volcanic raw materials has found the
identification of wear somewhat difficult due to the acidic nature of the local soils
dissolving microscopic wear on tools and other materials (Chatters et al. 2011).
Other Modification
In contrast to the modification of a stone tool through use the dimension of other
modification is incorporated to describe any additional reduction to artifacts that are
specifically observed as a reduction strategy related to the stone tool technology of the
area. This dimension includes modes such as flaking, grinding, pecking, incising and
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other forms of modification. This dimension is important to measure as tools and
debitage that have undergone additional modification illustrate a less informal toolkit
present within an assemblage. As the artifact assemblage from the Elwha River Valley is
speculated to consist entirely of chipped stone tool reduction a number of these modes
have very little relation to the actual artifacts within the archeological assemblages
included in this thesis. As with the use wear dimension all tools and utilized flakes will
be subject to macroscopic identification of other modification.
Material Type
Raw material type as a dimension is the identification of certain raw material
types to a provenance, whereas these materials are further investigated in their Rock
Physical Properties for other dimensions present. The raw material types (other,
FGV/dacite, metasediment, CCS, sandstone/mudstone, obsidian, quartz/quartzite, basalt
and chert) were adapted from previous cultural resources studies within the Elwha River
Valley (Dubeau and Kwarsick 2013, Smith and Kopperl 2009) and are categorically
exhaustive for the greater Salish Sea region based on raw material presence in
archaeological assemblages (Chatters et al. 2011; Blukis Onat et al. 2001; Wessen 1999).
Completeness
Artifact completeness is based on a dimensions and definitions originally
established by Sullivan and Rosen (1985) as a means by which to quickly and accurately
describe technological characteristics within archaeological assemblages. The
contribution was to show researchers that including non-specific lithic detachments and
assigning them to reduction classes without evidence is problematic. The mutually
exclusive modes of whole flake, broken flake, flake fragment, debris and other are used
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to measure technological variation that is free of interpretation from the analyst (Sullivan
and Rosen 1985) and can be done primarily without the assistance of magnification. This
dimension illustrates the reduction strategies that may be present within an assemblage,
with higher volumes of complete flakes or debris representing core reduction and a
higher presence of broken flakes or flake fragments representing stone tool production
techniques (Sullivan and Rosen 1985).
Reduction Class
Reduction class is an integral dimension to observe in determining stone tool
reduction sequences and the presence of raw material types within certain modes where
raw material is continually removed until a final form is produced (Ferry 2015; Limberg
2017; Parfitt and McCutcheon 2017). If a flake has been observed to have retained its
initial point of impact as addressed through the artifact completeness dimension than
reduction class is observed. This variable is based on the complexity platform
characteristics and dorsal and ventral flake surfaces. Reduction class is integral for
determining the stone tool technologies that may have been present at a site and the
complexity of stone tool reduction that would have taken place in that location.
Rock Physical Properties Classification
As a separate classification dealing wholly with the physical composition of the
raw material, from which a stone tool is created, the rock physical properties
classification is integral in linking technologic aspects of stone tool manufacture with the
quality of the raw material. Originally developed by (McCutcheon and Dunnell 1998) the
variables displayed in Table 4 outline the physical characteristics of rock that
consequently affect the stone tool reduction process. As the properties of a raw material
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directly relates to the techniques necessary to create a useful tool the following
dimensions of rock composition would also influence the ease at which tools could be
created, maintained and recycled (Bamforth 1986; Crabtree 1972).

Table 4: Rock Physical Properties Classification: Dimensions and Modes
_____
Dimension
Modes
_______________________________________________________________________
Opacity
(Pough 1976)

1). Translucent: Light is visible through the rock body.
2). Opaque: No light is visible through the rock body.

Luster
(Luedtke 1992)

1). Lustrous: Light is visibly reflected from the interior surface of
the rock body.
2). Semi-Lustrous: Light is partially absorbed and partially reflected
from the interior surface of the rock body.
3). Not Lustrous: Light is fully absorbed by the interior surface of
the rock body.

Rock Type
(Andrefsky 2005)

1). Igneous: Formed from intrusive or extrusive cooled molten rock.
2). Sedimentary: Made up of individual grains cemented together.
3). Metamorphic: Formed from existing rock that has been
transformed by heat and pressure.

Groundmass
(McCutcheon and
Dunnell 1998)

1). Uniform: Structure is consistent and unvarying throughout the
rock body.
2). Bedding Planes: Linear striations superimposed upon and
parallel to one another.
3). Concentric Banding: Concentric layers of different color and/or
texture.
4). Mottled: Abrupt and uneven variations in color or texture.
5). Granular: A consistent structure composed of many individual
grains.
6). Oolitic: The matrix is composed of small round or ovoid shaped
grains.

Solid Inclusions
(McCutcheon 1997)

1). Present: Particles present that are distinct from the rock matrix.
2). Absent: Distinct particles are not present within the rock matrix.

Void Inclusions
(McCutcheon 1997)

1). Present: Cavities devoid of material are present within the rock
matrix.
2). Absent: Cavities devoid of material are not present within the
rock matrix.

Distribution of Solid
Inclusions
(McCutcheon 1997)

1). Random: The distribution of inclusions is irregular or not
patterned.
2). Uniform: The distribution of inclusions is unvarying and even
throughout the rock body.
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Table 4 (Continued): Rock Physical Properties Classification: Dimensions and Modes
Dimension
Modes
Distribution of Void
Inclusions
(McCutcheon 1997)

1). Random: The distribution of inclusions is irregular or not
patterned.
2). Uniform: The distribution of inclusions is unvarying and even
throughout the rock body.
3). Structured: The distribution of inclusions is patterned or
isolated within the rock body.
4). None: Inclusions are absent from the rock.
3). Structured: The distribution of inclusions is patterned or
isolated within the rock body.
4). None: Inclusions are absent from the rock

Opacity
Opacity refers to the visible composition of a raw material and the ability for directed
light to transmit through the rock. This variable has been observed to have been used in
scenarios where mixed assemblages consist of multiple raw material types, including
volcanic glass and cryptocrystalline silicas (Kassa 2014; Luedtke 1992). Opacity is easily
viewed without the assistance of a microscope although the aid of the upward facing
lamp was useful for determining if the margins of certain artifacts were translucent or
opaque.
Luster
The luster of a raw material refers to the light that is reflected from the interior
surface of an artifact (Kassa 2014). For a sample to be considered lustrous the reflection
must be present within the main body of the raw material and not the product of lustrous
inclusions such as plagioclase. Lustrous surfaces are typically not visible in materials that
occur in sites on the Olympic Peninsula but could exist if sedimentary materials such as
chert are heat treated, thus changing their physical composition of the material and

67

making the reduction process much more predictable. Luster is a dimension that can be
easily observed without the aid of microscope under normal lighting conditions.
Rock Type
Rock type is a dimension intended to define the three main geologic families of
rock based on their genesis (Andrefsky 2005). The three modes; igneous, sedimentary
and metamorphic all have differing characteristics based on composition and formation.
These modes are used as a means to determine the amount of material that may occur
from different geologic settings in the geologically diverse area of the Olympic Peninsula
where all three groups occur as all three rock types have been observed in previous
studies of lithic assemblages on the Olympic Peninsula (Gallison 1994; Kwarsick 2011;
Stcherbinine and Noll 2018; Wessen 1999).
Groundmass
Groundmass describes the matrix of a rock where grain size is present and
observable. Groundmass is a contributing factor to the ability for a raw material to
fracture conchoidally and predictably. Although a high amount of raw material sources
used within stone tool technologies appear to be cryptocrystalline in composition under
magnification the composition of individual grain sizes and associations may be visibly
different, even within similar raw material modes.
Presence of Solid and Void Inclusions
Solid inclusions are the presence of foreign body or within an otherwise
homogeneous sample of material, with void inclusions being a cavity of empty space
occupying the same space within the raw material (Andrefsky 2005). As homogeneous
materials allow pre-contact peoples to fracture stone in a desired direction the presence of
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both solid or void inclusions would have cause premature breakage or fractures that were
otherwise unintended (Crabtree 1972). Many solid inclusions present with FGV artifacts
were easily visible with the naked eye but inspection under 20x and 40x magnification
was necessary for certain other raw materials as well as FGV materials that had visibly
smaller solid inclusion presence.
Distribution of Solid and Void Inclusions
As with the presence of both solid and void inclusions the distribution of these
materials within the raw material greatly impacts the fracture mechanics for stone tool
technologies. The four modes of distribution of solid and void inclusions; absent,
random, uniform and structured will either aid or hinder the propagation of a crack as
well as the predictability of the route that the crack travels throughout the material
resulting in a predictable reduction sequence (McCutcheon and Dunnell 1998).

Raw Material Provenance
During the summer of 2018, with permission from the National Park Service,
geologic sampling was conducted within the study area to collect raw material samples
that would later be used in pXRF analysis (Olympic National Park Research Permit
Number: 114575). The goal was to compare these results against previously held raw
material source standards and artifacts from the nine lithic assemblages that occur at sites
within the study area. A total of 58 hours over the course of 12 days led to the collection
of 169 geologic samples from exposed gravel bars within the active river channel and the
seasonal floodplain (See Figure 5). Macroscopic analysis of rock physical properties
adapted from McCutcheon and Dunnell (1998) (See Table 4) were conducted to identify
fine-grained volcanic samples that could be subjected to raw material source analysis.
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The sampling technique for this data collection was a haphazard grab sample of river
cobbles that could possibly be identified as dacite based on cortical surfaces present and
present solid inclusions identified once the rock was broken. It is acknowledged that a
haphazard grab sample of visibly identifiable river cobbles does introduce a bias towards
the presence of certain raw materials over others within glacial outwash. These biases and
their effect on my results will be considered in detail in the Conclusions section below.
Sample locations were largely dictated by ease of which I could access exposed gravel
bars and many locations could not be accessed as they fell outside of Olympic National
Park lands or had no realistic path to access the location due to slope.

70

Figure 5: Study area showing sampled gravel bar locations (Base Map provided
by ESRI).

When analyzing both geologic samples as well as archaeological artifacts using
portable x-ray florescence (pXRF) a series of methods must be implemented to ensure
accurate readings of both trace and major elements present in selected samples. The
instrument used in this analysis was a Bruker Tracer 5i currently held by the Central
Washington University Geological Sciences department. The methods outlined in Table 5
have proven to be effective at discriminating both major and trace elements in FGV
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samples from the greater Salish Sea region (Kwarsick 2010; Reimer 2018; Reimer and
Hamilton 2015). Prior to analysis an obsidian standard was analyzed a minimum of five
times and checked against calibration standards to ensure instrument accuracy. Samples
were then placed within a lead cover with the instrument facing upward into the
protective housing.

Table 5: Instrument Settings Used for Portable X-Ray Florescence (pXRF) Analysis _
Dwell Time
200 Seconds
Voltage
40 Kilavolts (kV)
Current
15 Amps (µA)
Wheel Filter (Internal Filter)
Copper (Cu) 100µm, Titanium (Ti) 25µm
Aluminum (Al) 300µm
Manual Filter
None
Collimator Area
8 Millimeters (mm)
Atmosphere Type
Atmosphere
Trace Elements Used to Define
Strontium (Sr), Yttrium (Y), Zirconium (Zr)
Clusters
Nobelium (Nb)

Samples chosen for analysis both from geologic sources as well as stone tool
artifacts from the nine sites were based on macroscopic raw material composition as well
as size class in the case of the artifacts. A total of 15 percent of all artifacts from the nine
archaeological sites were analyzed using pXRF (See Table 6), with analysis conducted on
all formed tools and cores identified, and the remaining sample selection focused on
debitage present in the assemblages. Previous research (Kassa and McCutcheon 2016;
Parfitt and McCutcheon 2017) have shown that at minimum a 15 percent sample shows a
representative sample from a total population (Nyers Personal Communication). Artifacts
that did not consist of dacite and debitage sized smaller than 1/8” were not subjected to
geochemical analysis.
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Table 6: Artifact Count and 20% Simple Random Sample Counts Subjected to pXRF
Archaeological Site
Total Artifact Count 15% Random Sample Count
(All Artifacts)
(Dacite Size Class 1-3)
________________________________________________________________________
45CA552-Elwha Overlook Site
4,002
631
45CA556-Altaire Overlook
5
2
45CA557-Hot Spring Road Lithic Scatter 157
14
45CA624-East Abutment Camp
66
14
45CA625-West Abutment Camp
2,450
221
45CA629-The Grassy Knoll Site
195
38
45CA630-Elwha River Rockshelter Site
10
2
45CA707-Lake Aldwell Isolate
1
1
45CA727-Southeast Lake Aldwell Shore
10
2
___________________________________________________________
TOTALS =
6,870
925

Measuring Variability among Stone Tool Assemblages
Chi-Square Analysis
After the identification of all 6,870 artifacts across 16 technological dimensions
an analysis of diversity and variation among attribute dimensions is necessary. As the
classification parameters are nominal in scale the application of a non-paradigmatic ChiSquare (χ2) to test frequency distributions present within the archaeological assemblages
of the Elwha River Valley against expected distributions of those frequencies. With
mutually exclusive and categorically exhaustive attributes measured across the entire
archaeological assemblage from the nine sites within the Elwha River Valley the amount
of sample data is large enough to warrant this statistical test, even though selected classes
(dimension modes) may not be equally represented within the total population of artifacts
(McGrew et al. 2014). As this statistical test does not require data sets to be normally
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distributed nor equally represented it has a wide range of applications in the field of
archaeology and has been used extensively in the Pacific Northwest (Allen 2020; Dyson
2018; Limberg 2017; Kassa 2014).
Each dimension is found to be a representative aspect of Old Cordilleran culture
and can be compared inter-variably highlighting the environmental constraints that led to
selective conditions that were present in the study area leading pre-contact peoples use of
raw materials for stone tool production. As previous studies have shown (Dyson 2018;
Kassa 2014; Limberg 2017) not all variables are statistically significant in addressing the
research question but may give insight into future research that can be conducted
regarding stone tool assemblages that show similar characteristics to those within the
Elwha River Valley.
Principal Component Analysis (PCA)
Principal component analysis (PCA) is a multi-variate statistical interpretation
that I will be incorporating into the geochemical portion of this thesis to summarize the
covariation between two or more variables, seen as principal component one, two and so
on (Orton 1982; Shennan 1997). Principal component one represents the maximum
variance within a given dataset, in this case the part per million (PPM) readings of trace
elements within a sample. The secondary principal component represents the maximum
remaining variance after principal component one has been established (Shackley 1998).
The number of axis present in the representation of these units of measurement is
dependent on the number of variables that will be compared, with the vast majority of the
variance coming from the first few principal components (Shennan 1997). This form of
analysis has been utilized in raw material sourcing studies in the greater Salish Sea as a
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means to illustrate two different geochemical components of sample populations of
artifacts and geologic materials (Reimer and Hamilton 2015; Reimer 2018; Wessen
1999).
Visually this data is typically represented in a biplot of the two variables selected.
As I will be utilizing this statistical interpretation to measure variation among trace
elements present in archaeological and geologic samples from within the Elwha River
Valley it is necessary to selected two variables (trace elements) that are both
representative within the total population as well as easily discriminate one raw material
source location from another. As many of the sources I will be examining originate from
similar geographic locations there may be significant overlap within the trace elements
present both in geologic and archaeological samples. Reimer (2018) acknowledges this
and finds that elements of Rubidium (Rb) and Strontium (Sr) result in the successful
discrimination of raw material sources at a 95% confidence interval from FGV sources in
southwestern British Columbia (Reimer 2018: 502). Previous research has shown that
having two distinguishable variables are sufficient for displaying significant variability
for trace elements of samples subjected to pXRF analysis (Shackley 1998; Reimer 2018).
Incorporating both detailed lithic analysis with archaeometric techniques of raw
material provenance provide replicable procedures for identifying the selective conditions
that drove tool stone consumption within the Elwha River Valley. Dimensions of both
technological and raw material quality can be statistically compared to assess the cost and
performance variables relation to one another within the total assemblage of the study
area. These outcomes can be compared to similar sites that have been identified as being
associated with the Old Cordilleran cultural phase both on the Olympic Peninsula as well
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as regionally throughout the Pacific Northwest to formulate conclusions regarding the
stone tool industries of pre-contact peoples within the Elwha River Valley.
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CHAPTER V
JOURNAL ARTICLE
RAW MATERIAL USAGE AND STONE TOOL MANUFACTURE IN THE ELWHA
RIVER VALLEY
The student coauthors this manuscript with the committee chair and it will be
submitted to the Journal of Northwest Anthropology. The manuscript begins on the next
page and may result in differences based on editorial and peer review prior to submission.
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ABSTRACT

Archaeological investigations stemming from the removal of the Elwha and
Glines Canyon Dams of the Elwha River Valley in 2014 resulted in the identification of
nine archaeological sites and collection of 6,870 pre-contact lithic artifacts, primarily
composed of fine-grained volcanic stone. Regional models of this raw material usage and
site location within a glacially-carved riverine environment place these sites within the
Old Cordilleran/Olcott cultural tradition that has been widely observed in the Salish Sea.
This study is focused on the variation in raw materials used in the production of stone
tools in the Elwha River Valley to understand if similar stone tool production strategies
and raw material consumption are observed throughout other previously recorded sites in
the region. Stone tool manufacture was measured with previously used methods and
techniques and tool stone provenance data was collected with a portable X-ray florescent
(pXRF) spectrometry. Fine-grained volcanic stone appears in sparsely in geologic deposit
but exists in over 79 percent of the total artifact assemblage and in all forms of stone tool
reduction sequences. Assemblages exhibit similar characteristics to those of the Old
Cordilleran cultural tradition surrounding dimensions of fragment type, raw materials and
reduction class but show intersite variability when stratified within and outside the
current glacial maximum of the Cordilleran Ice Sheet.
Word Count: 212
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INTRODUCTION
Previous research in the Elwha River Valley has revealed a number of site
locations that show past people procured their tool stone raw materials from local sources
(Kwarsick 2010, 2011). Regional studies have placed a number of sites from the greater
Olympic Peninsula into the Old Cordilleran or Olcott cultural tradition based on raw
material use and stone tool (Schalk 1988; Smith and Kopperl 2009). Geochemical and
lithic technological analyses revealed a focus on local resources in both downstream
lithic assemblages at the coast (Bakewell 2005; Morgan 1999; Osiensky 2014) and
upstream assemblages recovered from sub-alpine elevations (Gallison 1994; Kwarsick
2010; Schalk 1988). Systematic analysis of tool stone raw materials in the alluvial
corridors between littoral and alpine settings is lacking and provides a data gap for this
analysis to fill.
Best practices in lithic analysis recommend starting with an understanding of tool
stone provenance, as tool stone availability and physical properties will influence the
stone tool technologies used in the past (Andrefsky 1994; Kassa and McCutcheon 2016;
Luedtke 1992; McCutcheon and Dunnell 1998). The purpose of this analysis is to identify
the tool stone conditions (e.g. availability, morphology, rock physical properties) under
which past people were utilizing these raw materials to make and use stone tools within
the Elwha River Valley. The advantage of such an approach lies in its ability to generate
data categories that will identify the subtle variation within archaeological lithic
assemblage characteristics throughout the Pacific Northwest (Allen 2020; Dyson 2018;
Ferry 2015; Garrison 2015; Kassa 2014; Lewis 2015; Limberg 2017; Vaughn 2010).
Identifying subtle variability in lithic assemblages allows a determination of how much of
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the morphological characteristics of any or all assemblages is a function of space and
time (Lewis 2015).
Multiple lines of inquiry are addressed in this study, the primary being the
relationship between stone tool quantity and reduction strategies present within these
archaeological assemblages when compared to previous expectations of sites within the
Old Cordilleran/Olcott cultural tradition. This analysis was completed using a tool stone
source survey of the study area, portable x-ray florescence (pXRF) and detailed lithic
analysis techniques to understand the raw material composition of stone tools present
within a specific reach of the Elwha River Valley (ERV). Detailed lithic analysis is
critical if investigators in the Salish Sea region are going to use raw material appearance
and morphological similarities in tools and debitage to infer cultural traditions (Blukis
Onat et al. 2001; Chatters et al. 2011; Schalk 1988).

BACKGROUND
Within the study area, there is only a single dated archaeological context, leaving
researchers with little else to assign these sites to any particular cultural tradition. An
important aspect of the Old Cordilleran/Olcott cultural tradition is the predominant use of
a single toolstone source for stone tool production (Conca 2006; Schalk 1996).
Understanding the source locations of these raw materials and their physical properties is
integral to connecting lithic technological characteristics with certain toolstone types and
understanding constraints those sources imposed in the production and use of stone tools
in the ERV.
A vast majority of all chipped stone lithic artifacts present in the Olympic
Peninsula are composed of one primary material, dacite (Conca 2006; Kwarsick 2010;
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Schalk 1996). This material is ubiquitous within stone tool assemblages in the region and
previous research by Kwarsick (2010) has found that 91 percent of a selected sample of
dacite artifacts from Olympic National Park are indistinguishable from one single raw
material source location, Watt’s Point in Squamish Bay, British Columbia, Canada.
Recent developments in x-ray florescence (XRF) analyses have led a number of
researchers in both the United States and Canada to pursue fine-grained volcanic (FGV)
rock in sourcing studies so that this type of material can be cataloged and traced
throughout numerous archaeological assemblages in the Salish Sea (Osiensky 2014;
Reimer 2000, 2012, 2018). Although this material does not appear as a primary deposit
within the local geology of the Olympic Peninsula its does appear within glacial deposits
left over from the terminal extent of the Cordilleran Ice Sheet. These materials would
have been scoured from their original location in British Columbia and transported during
the advancement of the continental ice sheet, then deposited in the form of outwash or till
when that ice sheet retreated approximately 10,500 years ago (Schalk 1988; Wessen
1987).
Archaeological investigations in the ERV have recorded and collected lithic
artifacts from 12 pre-contact site locations containing over 9,200 stone tool artifacts
along an 11-kilometer reach of the Elwha River (See Figure 1). Due to ongoing
investigations at three of the site locations we selected nine sites for this analysis with a
total artifact count of 6,870 lithic artifacts (See Table 1). Our approach here can easily
incorporate the findings of those other ongoing studies once they are completed.
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FIGURE 1: 1:250,000 MAP OF STUDY AREA SHOWING THE NINE
ARCHAEOLOGICAL SITES ALONG THE ELWHA RIVER USED IN THIS
RESEARCH. (BASEMAP PROVIDED BY ESRI.)
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TABLE 1: ARCHAEOLOGICAL SITES WITHIN STUDY AREA
Archaeological Site
45CA552-Elwha Overlook Site

Total Lithic
Artifact Count
4,002

Excavator and Year

45CA556-Altaire Overlook

5

45CA557-Hot Spring Road Lithic Scatter

157

45CA624-East Abutment Camp

66

45CA625-West Abutment Camp

2,450

45CA629-The Grassy Knoll Site

195

45CA630-Elwha River Rockshelter Site

10

45CA707-Lake Aldwell Isolate

1

Kwarsick (2006a), Smith
and Kopperl (2009)
Kwarsick (2006b), Smith
and Kopperl (2009)
Kwarsick (2006c), Smith
and Kopperl (2009)
Smith (2009a), Smith and
Kopperl (2009)
Smith (2009b), Smith and
Kopperl (2009), Kwarsick
and Dubeau (2013)
Smith (2009c), Smith and
Kopperl (2009)
Smith (2009d), Smith and
Kopperl (2009)
Dubeau (2012)

45CA727-Southeast Lake Aldwell Shore

10

Dubeau (2013)

The Old Cordilleran cultural tradition was originally described by Butler (1961)
as a means to link morphological similarities observed widely across the Western United
States’ chipped stone assemblages. These similarities consist of the presence of large,
bifacially-reduced lanceolate projectile points and a wide array of chopping, cutting and
scraping tools. Butler (1961) noted that these morphologically similar technologies were
further similar in the use of a single raw material sources that were locally available.
These common features in site assemblage composition were observed from the Northern
Great Basin to the Puget Lowlands adjacent to the Salish Sea and into southeastern
Alaska (Kidd 1964).
Recent data recovery excavations along the Tolt River in King County (Blukis
Onat et al. 2001), Big Creek in Mason County (Wessen 1990) and the Sequim Prairie in
Clallam County (Morgan 1999) have recovered extensive lithic assemblages associated
with the Old Cordilleran cultural tradition. These sites will be compared to sites within
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the ERV to determine if expectations of site assemblages within the Old Cordilleran or
Olcott cultural tradition match those of the ERV sites when directly comparing raw
material types.

THEORY, METHOD AND TECHNIQUE
The distribution of stone tool technologic dimensions are critical for
understanding choices made by pre-contact peoples when constrained against the local
environment. Stone tool assemblages are in turn a reflection of these constraints and
choices made by toolmakers, in this case regarding raw material quality and quantity.
When these assemblages are found to be representative, then the frequency distributions
of selected dimensions can be assessed for non-randomness using a hypothesis testing
protocol (Allen 2020; Dyson 2018; Ferry 2015; Lewis 2015; Limberg 2017). The nonrandom sorting of dimensional intersections (e.g., non-local vs. local raw material and
reduction trajectory classes) is an indicator of the technological solutions past people
came up with based on environmental constraints or what Parfitt and McCutcheon (2017)
call the selective conditions. As Andrefsky (1994) has shown, abundant local raw
materials lacking ideal rock physical properties often occur non-randomly in informal (or
expedient) morphologies. Thus, to assert that a particular morphology is tied to a
particular cultural tradition without knowing various properties of tool stone (e.g.,
occurrence, forms, rock physical properties, etc.) can lead to spurious associations.
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Our analytical strategy includes a model of stone tool cost and performance
employed by Kassa and McCutcheon (2016) was utilized, and a data set was generated
using these nine sites through detailed lithic analysis of 16 paradigmatic dimensions of
stone tool technology and rock physical properties. This model was developed to identify
and explain the selective conditions under which past people made and used stone tools
by identifying the non-random frequency distribution across stone tool analytical
dimensions (Figure 2). Cost in this model refers to the amount of energy required to
produce a given outcome and performance refers to the work done by that object within
the environment (Kassa and McCutcheon 2016).

FIGURE 2: THE COST AND PERFORMANCE MODEL ADAPTED FROM
MCCUTCHEON (1997).
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The cost performance model can be tied directly into the localized environment of
the ERV. For instance, FGV rock like dacite is known to occur in glacial deposits like
those within the southern extent of the glacial maximum of the Cordilleran Ice Sheet.
Gravel beds exposed regularly in the ERV flood plain are very low-cost sources of tool
stone relative to those like chert that must be mined from bedrock deposits elsewhere.
These cost differentials may be manifested in tool stone morphology and could affect
limits on stone tool manufacture (e.g. bi-polar reduction) and use (tool form and use
wear). How these sub-variables of the model interact with each other identify
expectations. For instance, we might expect that river cobble cortex would occur more
often than not when close to flood plain deposits that contain such materials. Non-random
sorting could be a result of the availability quality raw material both outside and inside
this glacial margin and the adaptations pre-contact peoples had to adjust to within the
local environment when producing stone tools.
The classification schemas that were first established by Campbell (1981) as well
as Lewarch and Dunnell (1974) and McCutcheon and Dunnel (1998) incorporated in this
research are described in Table 2 and Table 3. Each of these dimensions are useful when
describing stone tool assemblages that may be associated with the Old Cordilleran
cultural period based on previous research in other areas of the Pacific Northwest (Blukis
Onat et al. 2001; Chatters et al. 2011; Gallison 1994). The frequent use of this approach
in the region provides data that can then be directly compared to other site locations that
have been documented to exist within this same cultural tradition and measure both the
cost and performance of locally available raw materials within a given lithic assemblage.
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TABLE 2: TECHNOLOGICAL CLASSIFICATION: DIMENSIONS AND MODES.
ADAPTED FROM CAMPBELL (1981), LEWARCH AND DUNNEL (1974) AND
MCCUTCHEON AND DUNNEL (1998).
Dimension

Modes

Artifact Size

1. 1” or Larger 2. ½” to 1” 3. ¼” to ½” 4. ¼” or Smaller.

Object Type

0. Biface, 1. Flake/Flake Fragment, 2. Chunk 3. Cobble,
4. Core, 5. Spall.

Amount of Cortex

1. Primary, 2. Secondary, 3. Tertiary, 4. None.

Presence of Wear

1. Absent, 2. Present.

Other Modification

1. None, 2. Flaking, 3. Grinding, 4. Pecking, 5. Incising,
6. Other.

Material Type

0. Other, 1. FGV (Dacite), 2. Metasediment, 3. CCS,
4. Sandstone/Mudstone, 5. Obsidian, 6. Quartz/Quartzite,
7. Basalt, 8. Chert.

Completeness

1. Whole Flake, 2. Broken Flake, 3. Flake
4. Fragment, 4. Debris, 5. Other.

Reduction Class

1. Initial Reduction, 2. Intermediate Reduction,
3. Terminal Reduction, 4. Bifacial Reduction/Thinning,
5. Bifacial Re-sharpening, 6. Not Applicable.

TABLE 3: ROCK PHYSICAL PROPERTIES CLASSIFICATION DIMENSIONS AND
MODES. ADAPTED FROM MCCUTCHEON AND DUNNEL (1998).
Dimension
Opacity

Modes
1. Translucent, 2. Opaque.

Luster

1. Lustrous, 2. Semi-Lustrous, 3. Not Lustrous.

Rock Type

1. Igneous, 2. Sedimentary, 3. Metamorphic.

Groundmass

1. Uniform, 2. Bedding Planes, 3. Concentric Banding, 4.
Mottled, 5. Granular, 6. Oolitic.

Solid Inclusions

1. Present, 2. Absent

Void Inclusions

1. Present, 2. Absent
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TABLE 3 (CONTINUED): ROCK PHYSICAL PROPERTIES CLASSIFICATION
DIMENSIONS AND MODES. ADAPTED FROM MCCUTCHEON AND DUNNEL
(1998).
Dimension
Distribution of Solid
Inclusions
Distribution of Void
Inclusions

Modes
1. Random, 2. Uniform, 3. Structured, 4. None.
1. Random, 2. Uniform, 3. Structured, 4. None.

The analytical strategy for this study is the application of a three-pronged
approach to understanding raw material variability in the ERV and its use in stone tool
technologies. An initial geologic sampling survey was conducted in the study area to
assess the available raw materials within the local geology. A subsequent laboratory
analysis of Rock Physical Properties and XRF analysis of these geologic samples was
also conducted. In addition, an XRF analysis was carried out on a sub-sample of artifacts
from the nine site assemblages. These initial efforts permitted an assessment of the
locally available raw materials and their presence in the archaeological record of the area.
Finally, an analysis of stone tool technological dimensions through the use of a
paradigmatic classification schema was incorporated to understand if the availability of
certain raw materials influenced stone tool technologies of the area.
The null hypothesis for this research is that there is no relation between raw
material presence, quantity and quality, and stone tool reduction strategies within the
ERV. The alternative hypothesis is that selective conditions within the environment led to
certain raw material types dominating lithic industries within the population that
occupied the ERV. These selective conditions could lead to human adaptations that
would contribute to a stone tool lineage that is more indicative of local raw material use
than any particular cultural tradition within that specific area. In addition, the presence
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and absence of particular technological and tool form morphologies can be used to assess
how consistent these nine sites are to Olcott industries identified in other well dated
contexts.
Using XRF geochemical analysis was conducted on approximately 13.5 percent
of the total FGV artifact population, a total of 925 individual artifacts consisting of all
formed tools and a representative sample of debitage from all nine recorded sites in the
study area. (See Table 3). Artifacts that were not macroscopically identified as finegrained volcanic (FGV) rock (21.1% of the total population) and debitage sized smaller
than 1/8-inch in maximum dimension (11.5% of the total population) were not subjected
to geochemical analysis. XRF on raw materials that do not have a known provenance
(such as cherts or metasediments) only give information on that given artifact’s
geochemistry, not necessarily their tool stone geography. Another constraint is on smallsized artifacts that are less reliable as these artifacts do not cover the 20-millimeter
detection window on the portable XRF leading to spurious trace element detection.

TABLE 4: ARTIFACT COUNT AND 13.5% REPRESENTATIVE RANDOM
SAMPLE COUNTS SUBJECTED TO PORTABLE XRF MACHINE

45CA552-Elwha Overlook Site
45CA556-Altaire Overlook
45CA557-Hot Spring Road Lithic Scatter
45CA624-East Abutment Camp
45CA625-West Abutment Camp
45CA629-The Grassy Knoll Site
45CA630-Elwha River Rockshelter Site
45CA707-Lake Aldwell Isolate
45CA727-Southeast Lake Aldwell Shore

4,002
5
157
66
2,450
195
10
1
10

13.5% Random Sample
Count
(Dacite Size Class 1-3)
631
2
14
14
221
38
2
1
2

TOTALS

6,870

925

Archaeological Site

Total Artifact Count
(All Artifacts)
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XRF analysis was conducted using a Bruker Tracer 5i pXRF housed at Central
Washington University’s Murdock Research Lab. Instrument settings were consistent
with previous research in the Salish Sea region conducted by Reimer (2018). All postanalysis processing was completed using ARTAX Version 8 software developed by
Bruker. Prior to analysis a geologic standard consisting of obsidian provided by Bruker
was analyzed a minimum of five times and checked against calibration standards to
ensure instrument accuracy. Samples were then placed within a lead cover with the
instrument facing upward into the protective housing.

RESULTS
Analysis of Non-Random Sorting
O’Brien and Lyman (2000) state that patterns identified in the archaeological
record, must be screened for sources of sorting tied to post-depositional processes and
recovery biases, like sample size differences, screen size and natural processes (e.g.,
rodent burrowing, tree throws, etc.). Multiple investigators have collected data within the
study area so there is a need to compare collection strategies for the archaeological data
recovery as a lack of consistency may lead to bias in the form of non-random sorting.
Table 5 displays the excavated amounts at each site location along with the
associated artifact counts and issues that may have presented bias into the recovery
efforts. All excavations conducted within the study area used 1/4-inch mesh screens to
sieve soil from subsurface excavations as agreed in the Elwha Restoration Plan (Smith
and Kopperl 2009). Our initial size class analysis using a series of nested screens found
that 818 artifacts from five excavated sites within the study area were smaller than the
Size Class 4 nested screen (1/8-inch opening.) This would suggest that flakes discovered
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in spoil piles of screen materials were recovered or that screens were not completely
shaken before artifacts were removed from the sampled soil. Another explanation for this
large number of flakes may be that all sites had pedestrian survey conducted to assess the
presence of artifacts on the surface. Any artifacts found would have been collected and
added to the overall artifact population for the site. Excavators used a combination of 10centimeter arbitrary levels, depending on who was conducting the excavation (Dubeau
and Kwarsick 2013; Smith and Kopperl 2009; Kwarsick 2006a, 2006c). Disturbances
included rodent burrowing as well as natural and human forms of disturbances at many of
the site locations.
TABLE 5: TOTAL EXCAVATED VOLUMES FOR SITES IN STUDY AREA
Site
45-CA-552
45-CA-556
45-CA-557
45-CA-624
45-CA-625

Excavated
Volume (Cubic
Meters)
7.2
0.05
3.5
5.4
7.45

Artifact
Count
4,002
5
157
66
2,450

Site
45-CA-629
45-CA-630
45-CA-707
45-CA-727

Excavated
Volume (Cubic
Meters)
0.6
0.01
-

Artifact
Count
195
10
1
10

Geological Sampling Results
A geologic sample was collected in the summer of 2018 from exposed gravel bars
within the active river channel and seasonal floodplain of the Elwha River (See Figure 3).
At all gravel bars sampled for this study visual identification of possible fine-grained
volcanic (FGV) cobbles was completed in the field. All specimens were selected
judgmentally based on cortical surfaces present and groundmass once interior surfaces
were exposed. A total of 164 samples were collected from 20 exposed gravel bars from
within the study area from both outside and inside the glacial maximum (Figure 3).
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FIGURE 3: STUDY AREA SHOWING SAMPLED GRAVEL BAR LOCATIONS
AND FGV GEOLOGIC SAMPLE POINTS (BASE MAP PROVIDED BY ESRI).

Each of the 164 geological specimens was broken in the field to view a fresh
fracture surface and described using the classification dimensions listed in Table 3 above.
These results tabulated below (Table 6) and show varied distribution among certain
dimensions while others are underrepresented. Samples often only appeared to fracture
conchoidally when solid inclusions were present in the rocks groundmass. Samples that
appeared to be dacite from field classifications were based on dimensions of primary
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color, opacity, luster and groundmass, thus the lack of representativeness of all Rock
Physical Property attributes within these dimensions. As many cobbles present on gravel
bars appear similar due to heavy amount of cobble cortex on cortical surfaces initial
identification of FGV specific samples was difficult. This was presumably lead to a
greater cost for pre-contact peoples to find suitable cobbles in the same environment.
Subsequent analysis in a laboratory setting using a microscope at 40 times magnification
created the final determination for all Rock Physical Property attributes for the 164
selected river cobbles.
TABLE 6: ROCK PHYSICAL PROPERTY DIMENSION FREQUENCY COUNTS
FOR GEOLOGIC SAMPLES
Dimension
Primary
Color

Attribute and Count
N2 (Gray Black): 65
N3 (Dark Gray): 95
N6: Medium Light Gray
5Y 4/1 (Olive Gray): 1
10YR 4/2 (Dark
Yellowish Brown: 2
None: 153
Other: 11

Dimension
Solid Inclusions

Attribute and Count
Present: 34
Absent: 130

Void Inclusions

Present: 2
Absent: 162

Opacity

Translucent: 0
Opaque: 164

Dist. Of Solid Inclusions Random: 19
Uniform: 15
Structured: 1
None: 129

Luster

Lustrous: 0
Semi-Lustrous: 0
Non-Lustrous: 164

Dist. Of Void Inclusions

Secondary
Color
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Random: 2
Uniform: 0
Structured: 0
None: 162

TABLE 6 (CONTINUED): ROCK PHYSICAL PROPERTY DIMENSION
FREQUENCY COUNTS FOR GEOLOGIC SAMPLES
Hardness

Groundmass

0-1: 0
1-2: 3
2-3: 21
3-4: 38
4-5: 51
5-6: 38
6-7: 5
7-8: 7
Uniform: 108
Bedding Planes: 45
Concentric Banding: 0
Mottled: 0
Granular: 10
Oolitic: 0

Rock Type

Igneous: 8
Sedimentary: 48
Metamorphic: 108

Rock Name

FGV: 8
CCS/Chert: 1
Metasediment: 2
Slate: 108
Shale: 44
Unknown: 1

Rock color was measured with Munsell Rock Color chart (Munsell 2011).
Primary rock color varied from gray black to dark yellowish brown. Most rock specimens
we either gray black or dark gray and only 11 specimens displayed a secondary rock
color. All rock specimens were opaque, and all specimens were non-lustrous. Hardness
was measured with a hardness pick from a scale of one to six. Hardness variable across
the specimens due to differing rock types. The majority of groundmass observations were
uniform ground mass with less than a third of the specimens assigned to bedding planes.
There were 10 specimens with granular structure. Solid and void inclusions were largely
absent from a majority of the specimens with some exception, and when they were
present, they tended to be random and/or uniform in their distribution. Rock type and
name were assigned based on these physical properties and what bedrock sources were
known for the ERV. As might be expected from the localized geology, most of the rocks
were metamorphic in origin followed by sedimentary rocks and then igneous. Most of the
rock specimens appear to be slate and shale with minimal amounts of other rocks present
in glacial deposits.
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Although the study area has been described by Tabor and Cady (1978) as glacial
deposits from the previous continental ice sheet the exact makeup of the geology of this
map unit is variable and primarily composed of rock clasts foreign to the Olympic
Peninsula (See Figure 4). The possibility that other tool stone sources are highly likely,
especially in geologic units that exist inside the Crescent Formation, one of the very few
igneous formations on the Olympic Peninsula (Tabor and Cady 1978). Previous
researchers and staff at Olympic National Park have also speculated that a chert tool
stone source exists in close proximity to the northern portion of the study area, in close
proximity to CA-556, CA-557, CA-624 and CA-625.
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FIGURE 4. 1:200,000 GEOLOGIC MAP OF STUDY AREA (USGS 2005. BASE MAP
PROVIDED BY ESRI).

Results from the geologic survey found FGV cobbles were scarce among gravel
bars within the study area. Of the 164 total samples taken from the study area, eight were
found to be composed of FGV material after macroscopic field analysis. All but two of
these cobbles were discovered inside the currently understood glacial maximum, even
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though a number of sites within the study area exist outside this zone where any foreign
raw materials such as dacite would be locally available.
The eight identified FGV cobbles were sent to Northwest Research Obsidian
Studies Laboratory (NWROSL) in Corvallis, Oregon. This lab conducted analysis using
their FGV source library consisting of all 22 known FGV sources that have been
identified in the Pacific Northwest and southern British Columbia. Analysis at NWROSL
was conducted using the ARTAX program and geochemical bi-plots were created using
parts per million (PPM) counts of trace elements Strontium (Sr) and Zirconium (Zr)
following previous protocols for source characterization of FGV materials (Kwarsick
2010; Reimer 2012, 2018). These samples returned results that are consistent with
previous provenance studies from the Salish Sea region (Kwarsick 2010; Osiensky 2014;
Reimer 2018). Half of the samples (n=4) were geochemically identified as being from
Watt’s Point in the Squamish Bay of southwestern British Columbia (See Figure 5). This
source was spread widely by glacial processes and has been widely identified as being
present throughout the Olympic Peninsula (Kwarsick 2010) the northern Puget Sound
(Osiensky 2014) and southern British Columbia (Reimer 2018; Reimer and Hamilton
2015).
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FIGURE 5: GEOCHEMICAL BIPLOT OF EIGHT GEOLOGIC SAMPLES FROM
WITHIN STUDY AREA (FROM NWROSL 2020A).

Geochemical analysis shows that of the other four remaining samples that were
identified as being FGV materials currently have unknown source locations. Likewise, all
the sources are significantly different from one another, with some having much higher
Zirconium (Zr) part per million counts and others having higher Strontium (Sr) counts
(NWROSL 2020A). The magnitude of these differences is not likely to be due to intrasource variability of Watts Point FGV source but rather the identification of unknown
FGV sources present in glacial deposits.
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pXRF analysis was used to establish the geochemical source diversity of a subsample from the artifact assemblages. Thirty, FGV apparent artifacts were chosen from
five different site locations within the study area (sub-sample A) to create a calibration
curve by which all other materials analyzed could be compared. These selected artifacts
represented all forms of reduction as well as formed stone tools and were chosen based
on the measured variation of Zirconium (Zr) and Strontium (Sr) within the larger sample
(n=925) of all pXRF trace element concentrations. As was the case with the geologic
samples these artifacts were sent to NWROSL for analysis to ensure that initial
investigations into the trace elements present were correct and that the sourcing software
could be correctly calibrated to FGV material. Initially the desire was that a calibration
curve could be created from this sub-sample that could then be applied to the larger subsample but dwell times for analysis differed greatly and the calibration curve was
unsuccessful to directly compare trace element PPM counts.
Results from Sub-Sample A showed that 28 of the 30 artifacts submitted for
pXRF analysis (93 percent) were sourced as Watt’s Point dacite (See Table 8 and Figure
6). The other two artifacts were from two distinct, yet unknown FGV sources, one of
which may be related to Unknown FGV D from the geological survey as the Strontium
and Zirconium parts per million (PPM) counts were similar. As with the results from the
geological sampling survey the unknown FGV sources varied significantly from the
Watt’s Point source.
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TABLE 7: DISTRIBUTION TABLE OF SELECTED ARTIFACTS AND RAW
MATERIAL SOURCES (FROM NWROSL 2020B).
Archaeological Sites

GEOCHEMICAL
SOURCE
Watts Point FGV
Unknown FGV
TOTAL

TOTAL

20

1

1

6

-

28

-

-

-

1

1

2

20

1

1

7

1

30

FIGURE 6: GEOCHEMICAL BIPLOT OF SELECTED ARCHAEOLOGICAL
ARTIFACTS FROM WITHIN STUDY AREA. (FROM NWROSL 2020B).
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When pXRF techniques are applied directly to a larger sub-sample of the total
artifact assemblage from the study area the results align with that of the 30 selected
samples selected for the initial sub-sample. A total of 925 artifacts (Sub-Sample B), or
13.5 percent of the total artifact population from the ERV, were used in this portion of the
study. Due to differing dwell times in analysis the data generated from NWROSL and at
CWU was sent to Dr. Jeffery Ferguson at the University of Missouri MU Research
Reactor (MURR) to aggregate into clusters that could be from the same tool stone source
based on trace element PPM counts. With assistance from Dr. Bruce Kaiser, one of the
original developers of the Bruker Tracer 5i, Dr. Ferguson was able to define five specific
clusters present in the 925 artifact’s trace element concentrations from the study area (See
Table 9).

TABLE 8: DISTRIBUTION TABLE OF TOTAL ARTIFACTS ANALYZED AND
RAW MATERIAL SOURCES (FROM MURR PERSONAL CORRESPONDENCE).

GEOCHEMICAL
SOURCE

CA-552

CA-556

CA-557

CA-624

CA-625

CA-629

CA-630

CA-707

CA-727

Archaeological Sites

TOTAL

Watts Point FGV

492

2

13

11

177

30

1

1

2

729

Unknown FGV 1

104

-

1

3

34

6

-

-

-

148

Unknown FGV 2

4

-

-

-

7

-

-

-

-

11

Unknown FGV 3

24

-

-

-

3

2

-

-

-

29

Unknown FGV 4

8

-

-

-

-

-

-

-

-

8

TOTAL

632

2

14

14

221

38

1

1

2

925
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The results show that of the five distinct Strontium and Zirconium trace element
groups 78.8 percent (729 artifacts) of the total analyzed artifacts fall within one specific
group, Watt’s Point FGV. It is significant to note that Watt’s Point FGV appeared at
every archaeological site within the study area, even at sites such as CA-630 and CA-727
where only a single artifact was analyzed. In sites with higher numbers of artifacts
subjected to pXRF analysis, such as CA-552 and CA-625, there are a higher diversity of
raw materials present including many of the unknown FGV sources that all differentiate
from each other in parts PPM trace element counts, possibly a consequence of source
variability and not distinct groups. Research conducted by Kwarsick (2010) on the
Olympic Peninsula and by Reimer (2012, 2018) found that variability does exist within
the Watt’s Point FGV source. When directly comparing the results generated from this
analysis to that of Kwarsick’s the PPM counts of both Strontium (Sr) and Zirconium (Zr)
do align with over 90 percent of her analyzed artifacts identified as Watt’s Point dacite.
When expanded to the research done in southern British Columbia the PPM results do
show similar clustering although significantly more variability appears, possibly due to
the research and proximity to the source location or a product of differing methods of
analysis and programs used to achieve the pXRF results (Reimer 2018).

Lithic Analysis Results

In the following results section, we first consider how the presence/absence of
low-cost source materials impact stone tool manufacturing characteristics. As noted
above, we stratify our sample by those sites within the glacial maximum and those
outside of it. In addition, looking at how tool stone raw material variability cost is related
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to technologic dimensions further allows some understanding of how access to tool stone
raw material may or may not structure these lithic assemblages. All artifacts classified
using protocols described above are presented in Table 10.

TABLE 9: STONE TOOL TECHNOLOGIC DIMENSION FREQUENCY COUNTS
PER SITE.
Dimension

Size

Object Type

Cortex

Material
Type

Completeness

Reduction
Class

Attributes/Modes
1” (Size Class 1)
1/2” (Size Class 2)
1/4” (Size Class 3)
1/8” (Size Class 4)
Biface
Flake
Chunk
Cobble
Core
Spall
Primary
Secondary
Tertiary
None
FGV
Metasediment
CCS/Chert
Obsidian
Quartz
Other
Whole
Broken
Fragment
Debris
Other
Initial
Intermediate
Terminal
Bifacial Reduction
Bifacial Retouch
Not Applicable

CA552
307
1,186
2,163
346
32
3,952
4
2
7
294
668
702
2,338
3,575
33
359
2
7
26
1,270
1,780
832
70
50
297
2,651
173
7
1
873

CA556
2
2
1
5
3
1
1
5
3
2
2
2
1
-

CA557
12
35
88
22
6
155
1
2
25
92
18
22
131
3
18
3
2
53
56
43
2
3
5
86
18
1
47

CA624
8
21
34
3
1
65
9
32
15
10
54
1
10
1
27
14
25
4
31
7
24

Site
CA625
153
520
1,337
440
12
2,432
4
1
16
1
609
1,286
336
219
1,496
115
833
1
5
677
953
774
26
20
73
1,363
194
3
3
814

CA629
32
66
90
7
2
195
1
22
99
52
22
184
2
7
2
89
62
43
1
2
6
127
20
-

CA630
1
1
4
4
10
3
7
8
1
1
6
2
2
1
8
1
-

CA707
1
1
1
1
1
1

CA727
4
3
2
1
10
4
6
10
3
7
2
2
6
-

Expectations generated in the methods section using the cost-performance model
suggest that the distribution of technological frequencies could be significantly different
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either outside or inside the southern extent of the Cordilleran Ice Sheet. Figures 7 through
10 display the relative frequencies for technological dimensions of the total artifact
sample stratified into outside and inside the southern extent of the glacial maximum when
removing flakes found to be smaller than Size Class 4 (1/8-inch). As many of the site
locations within the study area had only limited excavated volumes or were simply
surface lithic scatters that were collected total number were not used in these frequency
tabulations but rather percentages of the total count of artifacts both outside and inside
the glacial maximum.

FIGURE 7: FREQUENCY DISTRIBUTION FOR RAW MATERIAL DIMENSION
OUTSIDE AND INSIDE THE SOTUHERN GLACIAL MAXIMUM.

The distribution of raw material types is varied when comparing the site locations
outside the glacial maximum with those inside the glacial maximum. There is
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significantly more CCS/chert being utilized in stone tool technologies within sites outside
the glacial maximum. Much of this variability can be attributed to a single site, CA-625,
where 36 percent of the overall lithic assemblage is composed of CCS/chert. This is in
contrast to sites within the glacial maximum 90 percent of the raw materials are
composed of FGV. The minimal amounts of obsidian, quartz and other materials are
attributed to the lack of this raw material present in the local geology either as a primary
or secondary deposit.

FIGURE 8: FREQUENCY DISTRIBUTION FOR CORTEX DIMENSION OUTSIDE
AND INSIDE THE SOTUHERN GLACIAL MAXIMUM.
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FIGURE 9: FREQUENCY DISTRIBUTION FOR REDUCTION CLASS DIMENSION
OUTSIDE AND INSIDE THE SOTUHERN GLACIAL MAXIMUM.

When analyzing cortex and reduction class together present on site assemblages
both outside and inside the glacial maximum patterns do appear. A vast majority of
artifacts present outside the glacial maximum exhibited either primary or secondary
cortical surfaces (67 percent) and evenly distributed reduction classes with sites that
existed inside the glacial margin. Sites inside the glacial maximum had minimal amounts
of cortex present with 56 percent of the artifacts from this location not having any present
cortex. This directly contradicts the earlier expectations that we would see less cortex and
more terminal reduction stages in sites outside the glacial maximum due to the cost to
transport a whole cobble without first reducing it. The minimal amount of bifacial
reduction and bifacial resharpening flakes present in either sites outside or inside the
glacial maximum is compelling considering bifaces were found in both site locations.

107

FIGURE 10: FREQUENCY DISTRIBUTION FOR COMPLETENESS DIMENSION
OUTSIDE AND INSIDE THE SOUTHERN GLACIAL MAXIMUM.

The dimension of completeness based off the model developed by Sullivan and
Rosen (1985) shows even distribution for sites both outside and inside the glacial
maximum. Broken flakes appear as the major technologic mode in both locations outside
and within the glacial maximum and present the highest amounts at 38 percent and 44
percent, respectively. There is a slightly higher amount of flake fragments in site
locations outside the glacial maximum at 31 percent when compared to those inside the
glacial maximum at 21 percent. The small amount of other flakes and debris can be
attributed to the minimal amounts of both formed tools and cores within site assemblages
as well as the ability to discern an interior surface of most flakes due to the weathering
that had occurred on cortical surfaces.
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DISCUSSION AND CONCLUSIONS
Raw Material Provenance
The diversity of stone tool raw material present through the analysis of nine sites
within the ERV revealed that a majority (78.8 percent) of the total artifact population was
composed of Watt’s Point FGV. This aligns with results from Kwarsick (2010) and past
researchers who analyzed both geological FGV materials and archaeological materials
within the greater Salish Sea (Osiensky 2014; Reimer 2015, 2018). Although other FGV
sources appear within the archaeological assemblage of the ERV, Watt’s Point FGV
dominates as a tool stone source. This suggests that this raw material was available
within the ERV and that limited local raw material availability drove the inclusion of this
single raw material in stone tool manufacture within the local environment at a higher
rate than all other raw materials present.
Through geological survey of local gravel bars within the active river channel of
the Elwha River it was found that minimal amounts of workable cobbles of Watt’s Point
FGV do exist within the local environment. Previous research conducted by Kwarsick
(2010) found FGV cobbles along the littoral regions of the Olympic Peninsula but not in
river valley locations. This gives credence to the fact that much of this material has
eroded out of glacial deposits through mass-wasting events and has been moved to lower
elevations or to river mouths (Kwarsick 2010). The proximity of local gravel bars to
archaeological sites suggests that pre-contact peoples were gathering this raw material
when available for stone tool use, either actively for the specific task of producing stone
tools or passively when performing other resource-oriented tasks.
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What may be the most compelling evidence of raw material availability and use in
the ERV may be the presence of other raw materials within many of the archeological
site assemblages. Although we know that FGV materials were present in every site
assemblage there were varying amount of other raw materials present as well, including
larger amounts of CCS/chert. The null hypothesis is that that there is no relationship
between raw material quantity and quality and stone tool manufacture and use strategies
within the study area. The table below (Table 11) displays raw material types from sites
that are located outside and inside the southern extent of the glacial maximum. Results
are statistically significant based on a chi-square test of association: χ2= 628.00,df 1, p=
<0.01 with a total flake sample of n=6,052. Each cell had an adjusted residual
significantly greater than the z-score of 1.96 (either 25.06 or -25.06), suggesting they all
contributed significantly to the rejection of the null hypothesis.

TABLE 10: CHI-SQUARE STATISTICAL TESTS OF RAW MATERIAL
FREQUENCIES OUTSIDE AND INSIDE THE GLACIAL MAXIMUM
(STATISTICALLY SIGNIFICANT CELLS HIGHLIGHTED IN YELLOW)

Inside Glacial
Maximum
(CA-556, CA-557,
CA-624, CA-625)

Outside Glacial
Maximum
(CA-552, CA-629,
CA-630, CA-707,
CA-727)

Raw Material
FGV
Observed: 3325
(86.6%)
Expected: 2925.3
Chi-Square (χ2):
54.61

Other
Observed: 512
(13.3%)
Expected: 911.7
Chi-Square (χ2):
175.23

Observed: 1289
(58.2%)
Expected: 1688.7
Chi-Square (χ2):
94.60

Observed: 926
(41.8%)
Expected: 526.3
Chi-Square (χ2):
303.55
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The presence of multiple raw material types in both site locations outside and
inside the glacial maximum can draw a number of conclusions. The lithic industries of
sites outside the glacial maximum see a higher frequency of chert as a raw material
source present throughout their total assemblages (32 percent) than those sites that exist
inside this glacial maximum where dacite cobbles are present within gravel bars of the
local environment (nine percent). This would suggest that other materials may have been
supplemented into the stone tool industry when FGV materials could not be quarried
from gravel bars. FGV materials may have only been available seasonally after seasonal
flooding of the river valley would have exposed new glacial outwash that would have
these materials, periods of low river flow or a lack of mass wasting events may have led
to a scarcity of this raw material, requiring supplemental tool stone to be incorporated.
The geological survey that was conducted in late August found minimal amounts of FGV
materials even when exclusively looking for this toolstone within the local environment.
This variability demonstrates that even when FGV materials were not present
locally they were still the dominant toolstone source for tool production, creating a
selective condition within that environment for toolstone consumption based around FGV
materials. The lack of a fine-grained volcanic raw material source as a primary deposit is
a consequence of the southern terminus of the Cordilleran Ice Sheet only moving material
so far up the river valley. An interesting aspect of the glacial ice within the ERV is the
creation of an ice dam and subsequent glacial lake sitting above the terminal margin of
the Cordilleran Ice Sheet (Conca 2006). This lake may have contributed to the movement
of ice carrying gravels and other materials further up the river valley through glacial ice
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rafting. This would be an explanation for the two FGV cobbles that were found outside
the glacial margin and far enough to be exploited locally by pre-contact peoples.

Stone Tool Technologies Within Olcott Cultural Tradition
One of the primary outcomes of this thesis was the generation of stone tool
manufacture and use data that can then be compared to other Old Cordilleran/Olcott
cultural tradition archaeological. One primary constraint to this intersite analysis is the
differing lithic analysis protocols that have been used by past researchers in the greater
Salish Sea region when analyzing stone tools, specifically debitage, requiring a coarsegrained analysis of stone tool technologies. When placing the total assemblage of the nine
sites from within the ERV in the greater Olcott/Old Cordilleran cultural tradition a
number of expectations based on previous research in the greater Salish Sea (Blukis Onat
et al. 2001; Morgan 1999; Wessen 1990).
Table 12 compares the raw materials frequencies from sites CA-552 and CA-625
to three sites that were previously discussed in this study and have been assigned to the
Old Cordilleran/Olcott that are within the greater Salish Sea. These sites were also chosen
as they sit in alluvial terraces within close proximity to the glacial maximum of the
Cordilleran Ice Sheet. Although all the comparative sites did use similar classifications
for raw materials present in archaeological assemblages the variability of local geology
contributes to larger “other” frequency counts of raw material attributes.
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TABLE 11: RAW MATERIAL FREQUENCY COUNTS FOR ARCHAEOLOGICAL
SITES WITHIN THE OLD CORDILLERAN/OLCOTT CULTURAL TRADITION
Dimension

Material
Type

TOTALS

Attributes/
Modes

Site
Elwha
Overlook
(CA-552)

West
Glines
(CA625)

Tolt River
(KI-464)
(Blukis
Onat et al.
2001)

Sequim
Bypass
(CA-426
and CA433)
(Morgan
1999)
39,246
(94.6%)

Big
Creek
(MS-100)
(Wessen
1990)

Dacite or
Basalt

3,249
(88.9%)

1,176
(58.5%)

14,542
(65.9%)

Metasediment

31 (<1%)

102
(5.1%)

-

1,156
(2.8%)

147
(1.81%)

CCS/Chert

340 (9.5%)

726
(33.6%)

6,870
(31.1%)

111 (<1%)

30 (<1%)

Obsidian

1 (<1%)

-

58 (<1%)

8 (<1%)

-

Quartz

7 (<1%)

1(<1%)

275 (1.2%)

629 (1.5%)

3 (<1%)

Other

26 (<1%)

5 (<1%)

372 (1.6%)

402 (<1%)

22 (<1%)

3,656

2,010

22,056

41,469

8,111

7,909
(97.5%)

One interesting characteristic is that within the ERV is the two major sites of CA552 and CA-625 see different raw material frequency percentages when directly
compared to the three other site locations that fit within this cultural period. Although
CA-552 does fit the expectation that a majority of all stone tools are composed of one
raw material with 86.7 percentage of all lithics composed of FGV there is a noticeably
more diverse raw material usage at CA-625, with only 56.1 percent of the total artifact
population being composed of FGV (when Size Class 4 is removed).
When compared to other sites form the Old Cordilleran/Olcott cultural tradition
the raw material presence in the sample from CA-552 is proportionally closer to sites
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such as CA-426, CA-433 and MS-100, while CA-625 is much more similar to KI-464.
The proximity to the glacial maximum for both CA-426, CA-433 and MS-100 provided a
cheap source of raw material to those stone tool industries (Morgan 1999; Wessen 1990).
Blukis Onat et al. (2001) explained the variability of raw material within KI-464 is due to
the multiple toolstone sources available in alluvial deposits within the local environment
based on the presence of alluvial cortex on analyzed artifacts. This adaptation based on
scarcity of one single raw material into a stone tool industry with a supplemental raw
material source such as chert is also seen at CA-625.
Other expectations surrounding stone tool diversity center on the presence of
informal stone tools used for chopping or the processing of animal hides (Butler 1961).
Although bifaces, unifaces and projectile points do exist within certain site assemblages
the vast majority of artifacts that are present do not represent final forms of stone tool
production such as bifacial thinning or resharpening. Similar results from lithic
technology analysis are present at MS-100 and CA-426 and represent a flexible tool kit
used for a variety of activities (Morgan 1999; Wessen 1990). This component of stone
tool production was also observed in the ERV and expedient stone tool manufacture is
especially true in artifacts that were produced from raw material other than FGV. Of the
78 formed tools, including 53 bifaces, 25 unifacial tools and 26 associated cores
identified in this analysis, 74 were produced from FGV materials. It may be likely that
multiple artifacts were used as informal tools with single cutting surfaces before being
discarded but these were not recorded during this analysis due to the difficulty identifying
use wear on FGV and meta-sedimentary materials. It was found that of the total artifact
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population, 238 artifacts or 3.4 percent exhibited usewear present, representing a small
frequency but displaying the use of informal tools at site locations within the study area.
The presence of FGV materials in all forms of stone tool reduction including
terminal reduction stages and fully formed bifacial tools shows that these raw materials
were preferred for both formal and informal stone tool production (Dubeau and Kwarsick
2013). These results align with the model of formal and informal stone tool manufacture
developed by Andrefsky (1994). Andrefsky’s (1994) model states when a tool stone is a
higher quality and abundant it serves as the primary source for all stone tool production
needs. Other materials that are easier to find but of a lower quality or materials that were
scarce within the environment are used less often.
A series of expected outcomes were generated during initial phases of this
research. It was expected that FGV materials, specifically dacite would be present both
within the local geology of the ERV and the archaeological record of the region as it is
the only tool stone source with known provenance in the region. It was found that this
material was present in all sites that were analyzed for this study. Likewise, there was an
expectation that cobbles of FGV materials would only be available inside the currently
understood glacial maximum of the Cordilleran Ice Sheet and not found outside that
margin. Although two FGV cobbles did appear outside the glacial margin a majority that
were found during geologic surveys were inside that zone, this was likewise reflected in
the frequency amounts of FGV materials within the archaeological record of sites both
north and south of the glacial maximum.
Further directions of research for archaeological assemblages on the Olympic
Peninsula center on the data that can be generated from small-scale lithic scatters and raw
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material provenance studies. These are by far the most common pre-contact site types at a
5:1 ratio to other site types such as coastal shell middens or feature-rich sites on the
Olympic Peninsula and the use of a paradigmatic classification schema will lead to more
comparability. A second direction of research centers on the understanding of the
diversity of raw materials within the Salish Sea other than dacite. Multiple unknown raw
material sources appear in both geologic mapping of the Olympic Peninsula as well as the
archaeological record. Further developments into provenance studies of materials that are
not igneous would bolster the opportunity to analyze these raw materials further.
The goal of this research is that it would be a specific data set that could be used
in the future to be directly comparable to other sites on the Olympic Peninsula or greater
Salish Sea. As less than one percent of Olympic National Park has been systematically
surveyed for archaeological resources there is a strong possibility that archaeological
sites have yet to be recorded that would have large stone tool collections that could be
directly compared to the research that was conducted in this study. The people who
inhabited the sites analyzed in this study utilized the local environment to produce highly
efficient stone tools from a relatively poor tool stone source when compared against other
raw materials such as obsidian or silica-rich chert. The continual usage of the ERV by the
people that now make up the Lower Elwha Klallam Tribe and other Coastal Salish
indigenous groups is evident in the multiple long-term occupation sites where hunting
and gathering would have taken place. It is undoubtable that further investigations into
the Elwha watershed as well as other riverine environments such as the Sol-Duc,
Dungeness, Hoh and Bogechiel rivers along the northern portion of the Olympic
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Peninsula will find other sites of similar context that were used throughout generations by
pre-contact peoples.
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